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Summary 

In this document we present the design of a user profile format. This format has been developed hand in 
hand with the Grapple User Modelling Framework, a distributed storage platform and retrieval service for 
user models (see D6.1a). Rather than specifying a predefined format and ontology that each system should 
adhere to, the User Profile Format is intended to provide flexible means for storing statements on the user, 
making use of a core ontology that can be extended with additional elements and derivation rules. A 
particular concern was the provision of sufficient slots for metadata, which allow for the analysis and 
interpretation of each statement and the derivation steps that have led to this statement. The user profile 
format allows for several, possibly overlapping or competing, models to exist next to one another - as each 
extension has its own data space. 
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1 Introduction 

The main objective of WP2 is to (design/develop methods and technology to) collect, interpret, reason about, 
and store relevant information about each individual user. To fulfil this objective, the work in the WP is 
centred on three sub-goals: 

�  identification and contextualization of all kinds of relevant observations about users, and storage of 
observations in an appropriate format (observation gathering step), 

�  interpretation of detected events by reasoning about domain knowledge, and previous user 
observations (user modelling step), and 

�  storage of concluded facts and other important characteristics in a user model/profile (user profile 
construction step) extended 

This first deliverable reports on the design of a user profile format that allows for the storage of observations 
and interpretations of detected events in an appropriate format. The outcomes of this deliverable are 
important for the user modelling aspects of the CAM (WP3), as well as for the interfacing work conducted in 
WP7. Given the strong connection between user modelling and the adaptations that are based on the user 
model, this document is also relevant for WP1. Further, we mention several standards, which should be of 
interest to WP5. Last but not least, the work reported in this deliverable has been conducted in close 
collaboration with WP6, given the tight connections between the Grapple User Model Framework and the 
User Profile Format. This deliverable can be read independently, but we suggest you to read it in 
combination with D6.1a. 

1.1 Task and Deliverable Description 

The task to be performed by WP2 in the first period of the Grapple project focuses on the “Definition of an 
ontology-based user model format”: An ontology-based user-model format for fine-grained and coarse-
grained information about the user (and the user's knowledge) will be developed, in order to have a common 
format for storing (and retrieving) users' profiles. Further, a database of interactions will be filled to provide 
the appropriate data for the algorithms developed in Task 2.3 that infer user behaviour and user 
characteristics. The user-model format will be the format delivered to and resulting from retrieval in the 
distributed user model architecture developed in WP6.  

The general idea of this deliverable is the “Definition of an appropriate User profile format”. This covers the 
following aspects: identification and formal representation of relevant user observations, definition of 
interoperable user characteristics and formal representation in an ontology-based format by extending 
existing approaches in ontology-based user modelling. 

In this document we present the design of a user profile format. This format has been developed hand in 
hand with the Grapple User Modelling Framework, a distributed storage platform and retrieval service for 
user models (see D6.1a). Rather than specifying a predefined format and ontology that each system should 
adhere to, the User Profile Format is intended to provide flexible means for storing statements on the user, 
making use of a core ontology that can be extended with additional elements and derivation rules. A 
particular concern was the provision of sufficient slots for metadata, which allow for the analysis and 
interpretation of each statement and the derivation steps that have led to this statement. The user profile 
format allows for several, possibly overlapping or competing, models to exist next to one another - as each 
extension has its own data space. 

1.2 Outline of this Deliverable 

The next chapter, Chapter 2, starts with an overview of related work. After a summary of the motivations for 
our approach (which is described in larger detail in D6.1a), we focus on the data (modelling) aspects of the 
user modelling process. After an overview of system-specific user modelling formats, as can be found in 
adaptive systems, we continue with a discussion of generic user modelling ontologies. The chapter ends with 
a number of relevant vocabulary standards, both for metadata (DCMI) and domain ontologies. 

In Chapter 3 we describe the User Profile Format in detail. First, we introduce the concept of Grapple 
Statements, the format in which each user characteristic or interaction event is stored, together with 
appropriate metadata. We explain how each application can create its own ontologies and derivations, to 
extend the Grapple Core Ontology. Then we show how statements, derivation rules and schemas can be 
added and retrieved. We end the chapter with example serializations of the profile format. 
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In Chapter 4 we show how to use the User Profile Format by means of the task of representing observations 
of the user. We end the deliverable with a short discussion and an outlook on future work.  

2 Related Work 

With the increased use of search engines, e-commerce systems and social networking sites -- with famous 
examples such as Amazon, Facebook, Flickr, Delicious and Google -- user modelling and Web 
personalization has evolved from a rather marginal activity to a mature technology that is exposed to the 
majority of Web users on a daily basis. Most techniques are based on collaborative filtering and social 
network analysis [16]. What they have in common is that they are rather straightforward and depend on a 
sufficiently large number of users that regularly interact with the system. 

Apart from the major players in the field, many systems cannot boast on a large user base. These systems 
vary from start-ups to well-established sites that serve a specialized audience. As an example, e-learning 
systems inherently have a limited audience, in particular if the system is specifically used by one institution. 
For these stakeholders, it would be beneficial to have user profile information from other applications. Recent 
research suggests that, if carefully designed and tested, heterogeneous types of data can be used for 
reliably classifying users [27]. Other motivations for cross-application user modelling include the 
synchronization of recommendations and user interaction between applications and better support of user 
migration. 

Obviously, the idea of cross-application user modelling is not new. In the 1990s several generic user 
modelling servers have been developed, to be used by a wide range of applications (e.g. [29]. One of the 
major reasons that this approach has never been successful is that these servers were centralized, making 
use of predefined structures. By contrast, user models differ significantly between applications, depending on 
the adaptation goals, the context of use, privacy concerns, the design philosophy and many other factors. 
Now that initiatives such as OpenID facilitate the linking of user profiles, it would be a good opportunity to 
further investigate the requirements, pitfalls and benefits of cross-application user modelling. 

As described in more detail in D6.1, in cross-application user modelling support for the provenance of data is 
essential, in order to analyze, reason, and decide whether or not to trust electronic data [31]. Essentially, 
each statement about a user should contain sufficient metadata to reconstruct the original observations that 
it is based on and the derivation steps that have been applied in order to come to the statement. This means 
that each statement should contain sufficient metadata to describe: 1) what is the input data or observation; 
2) how has the data been processed; 3) what does the output data represent.  

In this Section we present related work from three different perspectives. First, we have a look at application-
specific user modelling formats as they are used in adaptive elearning systems. Afterwards we present 
generic user modelling formats, which are not restricted to some specific application or domain. In Section 
2.3 we give an overview of related vocabulary standards that can be interlaced with the Grapple user 
modelling format. 

2.1 User modelling formats in Adaptive Systems 

The Grapple user modelling format, which is presented in this deliverable, especially has to become 
accepted in the domain of elearning systems. In this subsection, we thus give examples of user modelling 
formats in two prominent elearning systems: (1) AHA! and (2) Claroline. 

2.1.1 User Models in Adaptive Systems and their Map pings 
The range of features of the user and the user context that can be considered for personalization is very 
broad. Traditionally, the main user features that are considered in the field of adaptive hypermedia include 
the user’s goals and tasks, knowledge, background and preferences. With the advent of Web-based 
information systems and interactive applications, user interests have been considered to a larger extent as 
well. User individual traits, such as personality factors, cognitive factors and learning styles, have been given 
in the attention of the research community, albeit with relatively few practical uses. Further, the user context 
– or environment – has gained importance: various adaptive systems take the user’s location, platform and 
bandwidth into account [10]. 

There are various formats in which these features can be represented – and different formats may be used 
together to constitute a system’s user model. The most basic format is a flat (scalar) collection of variables 
and associated values. User background – demographics – and individual traits are typically modelled in this 
manner. A flat user model format allows for simple adaptations, but is not suitable for complex decisions. A 
more flexible format is a hierarchical representation, in which relations between the different modelled 
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features are represented. A common hierarchical structure is a tree or a directed graph. A popular 
hierarchical user model paradigm involves stereotyping, in which users are assigned to one or more 
stereotypes, based on the available data. Often used stereotypes classify users as ‘beginners’ or ‘experts’ – 
based on which the user is given more or less details or advanced options. A related hierarchical paradigm, 
which is often used in adaptive learning systems, is the domain structure, an ontology of the concepts 
addressed by the system and the relations between the concepts. The associated user model is an overlay 
of the given domain structure, which associates the users’ knowledge of or interest in each concept in the 
domain. Finally, a user model may contain observed usage data and knowledge derived from this usage 
data – making use of collaborative filtering techniques, logic reasoning or statistical models [24]. It is beyond 
the objectives of this deliverable to give an overview of current systems and approaches; for more details 
and examples, we refer to a survey by Brusilovsky and Milán [11]. 

User models may be represented using different syntaxes and implementations, varying from flat file 
structures and relational databases to full-fledged RDF with bindings in XML. Assuming that a parser is 
available from one format to another, the main problem to achieve interoperability between various system 
lies on the semantic level. User models may differ in representation format and granularity, which have its 
impact on its accuracy [24]. As an example, a flat model of the user’s knowledge with three possible 
knowledge levels can contain less detail than a domain overlay model in which the user’s knowledge is 
expressed as a percentage from 0% to 100%. Alternatively, the underlying domain model may be a rather 
coarse-grained collection of concepts, whereas another model may be very specific. In both cases, mapping 
one representation format to another will most likely result in some features to become ‘lost in translation’ 
[35]. 

In essence, there are two ways to ensure interoperability between two adaptive systems and their user 
models. The first approach involves a lingua franca, an agreement between all parties on a common 
representation and semantics [35]. As mentioned in the introduction of this chapter, this is the philosophy 
underlying the generic user model server approach. Given the wide variety in system objectives and the 
associated user models, generic user model servers have never gained wide acceptance. As we can see in 
the next section of this chapter, some standards evolve for certain parts of the user model (in particular the 
less dynamic parts, such as demographics, background and individual traits). An alternative approach, which 
is more flexible, involves conversion between the different systems’ user models. As an example, Stewart et 
al. provide a detailed description of a one-to-one conversion between MOT and WHURLE [35]. 

Conversion allows for flexible and extensible user models, and for systems to join into a platform. Moreover, 
in contrast to a fixed lingua franca approach, conversion is suitable for ‘open-world user modelling’, which is 
not restricted to one specific set of systems [4]. This flexibility comes at a price, though. In addition to 
possibly losing information in the conversion process, it might be that models are simple incompatible (in the 
sense that there is no suitable mapping) or that mappings are incomplete (information required in one model 
is not available in the other). Given that there are suitable mappings, the observations in the different 
systems may lead to contradictions (also called inconsistency or disagreement) [4]. It is important to notice 
here that contradictions may occur even if user models use the same representation format and semantics. 
As an example, suppose a user has two favourite bookstores; one bookstore is favoured because of its 
extensive novel collections; the other bookstore is more specialized in scientific literature. Whereas the 
former bookstore may have inferred that the user’s interest in computer science literature is close to zero, the 
latter may claim that the user’s main interest is computer science. Several methods for conflict detection and 
resolution are conceivable, among others reliability weighting and majority voting – again, which method to 
use, may be a subjective design decision. 

To summarize, from the literature we know that user models greatly differ between adaptive systems. These 
differences may be the result of the overall goals of the system (if an adaptive system does not take user 
interests into account, they need not be in the user model), as well as the result of design decisions [24]: the 
sources of user data, the knowledge inference processes and the user model representation format – which 
typically reflects some (implicit) assumptions that may not be shared between systems. Aroyo et al, suggest 
that whereas these problems may not be completely solved, at least they can be recognized and taken into 
account, if sufficient metadata is available [4]. 

After this rather theoretic part, the remainder of the section shows how these differences can be seen in 
practice, by showing the different approaches followed by AHA!, Claroline and the Personal Reader 
Framework. The selection of these three systems is rather arbitrary and based upon expertise available in 
the work package; therefore it should be treated as for explanation purposes only.  
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2.1.2 User modelling format in AHA! 
AHA! is an Open Source adaptive hypermedia platform, which supports adaptation in a number of different 
ways, namely: adaptive guiding, link annotation, link hiding, and adaptive presentation support. Figure 1 
shows an example of link annotation in the AHA! System. 

 

Figure 1 - Link adaptation in AHA! 

AHA! uses a specific rule engine / reasoning engine which is based on simple Event-Condition-Action rules 
(described through a rule language in an XML format). These rules are associated with an attribute of a 
concept and triggered when the value of the attribute changes. Rules can also be set to “propagating” which 
means that these rules can also trigger other rules associated with the updated attributes. 

The user model is itself rather flat, even though it is stored in XML format. It basically contains simply 
attribute value pairs. However, the attributes mainly refer to concepts in the domain model in this way acting 
as an overlay to the domain model. And as the domain model is a graph, you can also say AHA!'s user 
model is a graph. 

To be more specific, let us look at a specific AHA! user model. A typical structure of an AHA! user profile is 
shown in Table 1. 

 

<?xml version="1.0"?> 
<!DOCTYPE profile SYSTEM 'profile.dtd'> 
<profile> 
  <record> 
    <key>c2L690.dexter.knowledge</key> 
    <value>100</value> 
    <firsttimeupdated>false</firsttimeupdated> 
  </record> 
  <record> 
    <key>personal.class_Bad</key> 
    <value>ff0000</value> 
    <firsttimeupdated>false</firsttimeupdated> 
  </record> 
  ... 
</profile>  

Table 1 - Example of user profile in AHA! 

A user profile therewith consists of a set of records, where every record has a key, a value, and a 
firsttimeupdate field. The structure in "key" refers in general to an attribute, which usually points to a concept 
in a domain model. 
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The structure of an key name is "application.concept.attribute". So "c2L690" is the application name, "dexter" 
the concept name and "knowledge" the attribute name. The concept name (and only the concept name) may 
have additional point, so "'c2L690.authoring.intro.knowledge" contains "authoring.intro" as a concept. 

The semantics of names like "knowledge" or "visited" is determined (solely) by rules. So an author is free to 
choose other names if he wants, as long as the rules refer to those names. However, if the author uses the 
predefined concept relationship types in the current visual editor called Graph Author then "knowledge", 
"visited" and "suitability" have a meaning. 

To identify a specific user, AHA! uses a special attribute called “personal.id”. Other predefined attributes are: 

·  name:  This is the end-user's name, entered in the registration form. Anonymous users do not have a 
name, but a standard name ("Anonymous user") can be created through the registration form. 

·  email:  Similar as name, but now for email addresses. 

·  password:  The password is not stored in encrypted form (so anyone who might get access to the 
user models can also read the passwords). password is a system-defined attribute. Anonymous users 
cannot have a password. 

·  course:  Denotes an application. Each AHA! application is identified as a "course" for historical 
reasons.  

·  title:  Each AHA! application can be identified using a "title". This attribute can be included in a header 
using the <title/> variable. ( 

·  background:  This is the name for the background image used on every page. (In the tutorial this is 
"/aha/tutorial/icons/tuebg.gif".) The background only works on XHTML+AHA pages with an 
automatically generated background, not in standard XHTML pages that include a style sheet defining 
the background image.  

A value is the string representation of the value of a given attribute in the UM. The type of this value depends 
on the definition in the domain model of the given concept. In AHA! version 3 the possible types are boolean, 
integer and string as well as every serializable Java type. AHA! does not have type constraints, i.e. types 
cannot be restricted in value-ranges like specifying that a value may only be between 0 and 100. 

The firsttimeupdated field is used for stable values. In AHA! there is the possibility to keep a value stable 
after it is set for the first time. The field firsttimeupdated is then used to see if an attribute was already set, or 
that this is the first time. 

2.1.3 User modelling format in Claroline 
The user model in Claroline1 is made of two parts:  

1. Platform level central shared user model 

2. Course specific user model 

The platform level central shared user model is shown in the following Figure. 

                                                      
1 http://www.claroline.net 
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The user table stores the mandatory information about the user such as first name (prenom), last name 
(nom), email address, etc. The user_property table stores some additional information defined by the 
platform administrator. The events generated by the user at the platform level (login, enrolment...) are stored 
in the tracking_event table. The user's course list is stored in the cours_user table. This table also gives the 
status of the user in the course and its access rights for the available tools in the course (using a profile). 

The Course specific user model, in addition to the central user model, stores the following information for 
each course: 

·  additional course specific user information defined by the course managers 

·  the list of the teams the user is member of 

·  generic course events such as reading a document, accessing a tool or a resource... 

·  the tracking for the exercises taken by the user (answers, scores,...) 

·  the tracking of the learning paths (from SCORM packages or platform specific) taken by the user  

·  the resources posted by the users (assignments, wiki pages, forums,...) 
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2.1.4 User modelling format in the Personal Reader framework 
The Personal Reader Framework [21] enables a fast development of interoperable, personalized Semantic 
Web applications. Therefore, applications are split into different parts and encapsulated in reusable Web 
Services. The Framework distinguishes mainly three different kinds of services: a) Personalization Services, 
b) Syndication Services, c) a Connector Service, and d) a User Modelling Service. 

The Syndication Services (SynServices) contain the business logic of an application and maintain the user 
interface. To receive (personalized) data, SynServices invoke Personalization Services (PServices), which 
allow for personalized access to a specific part of the Semantic Web. The encapsulation of personalization 
functionality into PServices is the key innovation of the Personal Reader Framework. Applications can 
therewith be enriched with personalization features in a plug-and-play manner. A typical Personal Reader 
setting, which is implemented within the Personal Publication Reader [1], looks as follows: Personalization 
Service A provides users with recommendations for scientific publications according to the users' interests. 
Service B offers detailed information about authors or researchers. By integrating both services via a 
Syndication Service users can browse publications they like within an embedded context.  

To enable the whole personalization process, a core information provider, which derives appropriate user 
profiles is essential. In the Personal Reader architecture, this is realized via a centralized User Modelling 
Service (UMService), which provides functionality for user modelling, maintaining, and protecting information 
about a user on behalf of this user. The benefit of the centralized user modelling  approach is to make user 
profile information reusable for different applications. The central UMService receives updates from 
SynServices or PServices in different domains, and allows for cross-domain reuse of user profile information.  

Within the Personal Reader Framework user profiles are represented as RDF statements using UserRDF, 
which will be presented in Section 2.2.2.  

 

2.2 Generic user modelling ontologies 

In this subsection we present ontology-based user modelling solutions that are not restricted to some 
specific domain, but allow modelling a user within arbitrary domains and applications. 

2.2.1 GUMO 
According to [17], an ontology is a formal representation of a set of concepts within a domain and the 
relationships between those concepts. These concepts constitute the domain vocabulary, whereas the 
relationships link them into a meaningful domain structure. Standardization is one of the key issues in 
integrating information sources in every domain, including user modelling. The state-of-the-art approach for 
the problem of standardization of domain specific knowledge representation is the use of ontologies. 
Ontologies and common language communication protocols are among the commonly expected 
approaches, while the advent of the semantic web provided a common platform that encourages and 
supports this approach. A comprehensive user modelling ontology that strives to provide rich semantics for 
standardization of user modelling is one approach for the integration and reuse of user modelling data.  

The notion of ontology-based user models was first developed by Razmerita et al. in 2003 that presented a 
generic ontology-based user modelling architecture called OntobUM. OntobUM integrated three ontologies: 
a user ontology characterizing the users, a domain ontology defining the relationships between the 
personalization applications, and a log ontology defining the semantics of user-application interaction. A 
similar, but way more extensive approach for ontology-based representation of the user models was 
presented by [19]. [20] suggests GUMO2 what seems to be the most comprehensive publicly available user 
modelling ontology to date. He justifies the need for a commonly accepted ontology for user models. These 
works are natural extensions of earlier works on general user modelling systems of [26], [29], [25], and 
others. Such an general user model ontology may be represented in a modern semantic web language like 
OWL, and thus be available for all user-adaptive systems and especially all LMS at the same time.  

 

                                                      
2 GUMO homepage: http://www.ubisworld.org 
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Figure 2 - Screenshot on GUMOs user interface 

 

 

The GUMO ontology is divided into four parts, (see Figure 2): (1) GUMO-Basic ontology that models user 
dimensions like personality traits and user characteristics, (2) GUMO-Context, that models the world directly 
around the user, including the events, as well as the environmental context. Furthermore, there is a need for 
relevant domain-specific concepts, as part of the overall framework. This is stored in the (3) GUMO-Domain 
ontology which includes a general interest model in the user model. And finally the (4) GUMO-Extended 
ontology that collects the ranges, rating dimensions and predicates that address other attributes for example of 
Grapple Statements.  

 

Of course, GUMO needs to be extended in order to allow the application in every specific domain especially in 
TEL environments, however it could serve as a starting point, especially since the developer of GUMO are in 
the Grapple consortium. In deliverable D7.2a) there is also a discussion on further ontologies that might be of 
interest for the Grapple project.   

2.2.2 UserRDF and UserQL 
UserRDF and UserQL [3] are defined in the User Modelling Ontology, which was developed as part of the 
Personal Reader project3. UserRDF is an RDF-based language to model a user by means of reified 
statements, which are enriched with metadata such as creation date or owner, while UserQL is the 
corresponding query language, which can be used to query UserRDF data in a more convenient way than 
querying it with an RDF query language like SPARQL [33]. 

Regarding a certain statement about a user, there are different kinds of metadata, which are also relevant to 
such a statement about a user, e.g., which service generated the statement, etc. Therefore, the User 
Modelling Service provides a format, which allows enriching RDF statements with a well-defined set of 
metadata attributes and is called UserRDF. Furthermore, the user modelling component allows for advanced 
querying of such UserRDF statements via a corresponding lightweight query language, which is called 
UserQL. 

                                                      
3 http://www.personal-reader.de 
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Figure 3 - Main building blocks of UserRDF (properties of an UserRDF statement). 

 

Figure 3 lists the properties of a UserRDF statement, which is defined in the User Modelling Ontology (see 
Statement class within Figure 4), an ontology which is modelled on the General User Modelling Ontology 
(GUMO) [16]. The properties can be grouped into the following five different blocks. 

 

Figure 4 - User Modelling Ontology. 

 

·  Main:  This building block contains the actual content of the statement, hence, the reificated RDF 
statement, which is embodied within subject, predicate, and object. The other attributes are used to 
characterize the predicate of the statement more precisely, e.g. scope is used to characterize the 
range of the property more precisely. The attribute ambit allows categorizing the UserRDF statement 
so that services, that are not aware of the vocabulary, which is used to formulate the actual RDF 
statement, i.e., the ambit categorizes the property of the actual RDF statement. Ambits may be 
categories like hasKnowledge, hasInterest, etc. (cf. Figure 4). 
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·  Privacy:  The security module provides just the property owner, which refers to the user to whom the 
statement belongs to4. 

·  Explanation:  The attributes within the explanation building block can be exploited in order to describe 
who (creator) has generated the statement, how confident the creator is about the correctness of the 
statement (confidence), etc. The property trust can be adjusted by the user via the Web interface of 
the User Modelling Service and indicates the user's belief in the correctness of the statement. 

·  Validity:  The validity attributes allow specifying the expiration of the validity of a UserRDF statement. 

·  Administration:  An important aspect of the User Modelling Service is that UserRDF statements are 
never deleted. However, it is possible to mark a statement as deleted and to refer to the statement, 
which is replaced by a new statement (replaces). 

 

In the following example, the statement about the user Peter, which was created by WebServiceA, is 
composed of three UserRDF statements. It says that Peter has a credit card, which itself has a number and 
certain type (Creditcard). 

<rdf:RDF 
  xmlns:ums="http://usermodelservice.org/#" 
  xmlns:rdf="http://www.w3.org/1999/02/22-rdf-synta x-ns#"> 
 
  <rdf:Description rdf:about="http://usermodelservi ce.org/Statement#1235"> 
    <rdf:type rdf:resource="http://usermodelservice .org/#Statement"> 
    <ums:subject rdf:resource="http://usermodelserv ice.org/User#Peter"/> 
    <ums:predicate rdf:resource="http://example.org /predicate/#has"/> 
    <ums:object rdf:resource="http://example.org/ob ject/Creditcard#2345"/> 
    <ums:ambit 
rdf:resource="http://usermodelservice.org/ambit/#ha sPersonalData"/> 
    <ums:owner rdf:resource="http://usermodelservic e.org/User#Peter"/> 
    <ums:creator rdf:resource="http://example.org#W ebServiceA"/> 
    <ums:confidence 
rdf:datatype="http://www.w3.org/2001/XMLSchema#int" >100</ums:confidence> 
  </rdf:Description>  
   
  <rdf:Description rdf:about="http://usermodelservi ce.org/Statement#1236"> 
    <rdf:type rdf:resource="http://usermodelservice .org/#Statement"> 
    <ums:subject rdf:resource="http://example.org/o bject/Creditcard#2345"/> 
    <ums:predicate rdf:resource="http://example.org /predicate/#hasNumber"/> 
    <ums:object rdf:datatype="http://www.w3.org/200 1/XMLSchema#int"> 
      1234567 
    </ums:object> 
    <ums:owner rdf:resource="http://usermodelservic e.org/User#Peter"/> 
    <ums:creator rdf:resource="http://example.org#W ebServiceA"/> 
    <ums:confidence 
rdf:datatype="http://www.w3.org/2001/XMLSchema#int" >100</ums:confidence> 
  </rdf:Description> 
  ... 
  <rdf:Description rdf:about="http://example.org/ob ject/Creditcard#2345"> 
    <rdf:type rdf:resource="http://example.org/obje ct/#Creditcard"> 
  </rdf:Description> 
</rdf:RDF> 

 

                                                      
4 Note that the subject of a UserRDF statement may be different from the user, e.g. if a statement about a 
user is composed of different statements. 
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Figure 5 - Main building blocks of UserQL (properties of an UserQL statement). 

Figure 5 lists the properties of an UserQL query, which is also defined in the User Modelling Ontology (see 
Query class within Figure 4). The properties can be grouped into the following three different blocks. 

·  Match:  This set of attributes corresponds to the building block Main of UserRDF. It is used to describe 
the kind of UserRDF statements that should be returned. Not specifying an attribute is equal to a 
wildcard. 

·  Filter:  The filter attributes can be applied in order to characterize the validity and confidence of the 
requested UserRDF statements. 

·  Control:  This building block contains properties that allow ordering the resulting statements (orderBy), 
limiting the amount of returned statements (limitResult), etc. The attribute useStrategy enables the 
requester to specify what kind of conflict resolution strategy the User Modelling Service should use, 
e.g. topKHighest would return the top k (according to limitResult) statements, which have the highest 
confidence values. 

 

The following UserQL example query would return all statements about the user Peter. 

<rdf:RDF 
  xmlns:ums="http://usermodelservice.org/#" 
  xmlns:rdf="http://www.w3.org/1999/02/22-rdf-synta x-ns#"> 
  <rdf:Descriptionrdf:about="http://usermodelservic e.org/Query#3456"> 
    <rdf:typerdf:resource="http://usermodelservice. org/#Query"> 
    <ums:subjectrdf:resource="http://usermodelservi ce.org/User#Peter"/> 
  </rdf:Description> 
</rdf:RDF> 

Querying UserRDF statements can, of course, also be done via traditional RDF query languages like 
SPARQL [32] or SeRQL [9] as UserRDF statements conform to RDF. Protection of RDF statements about 
users is essential within the Personal Reader Framework, because user profiles are shared across different 
applications. A fine-grained approach to control the access to user profile information is required. 
 

2.3 Related vocabulary standards  

In this section we present vocabulary standards that are related to the user profile format, which will be 
introduced in Section 3. The first standard is the Dublin Core Metadata Initiative (DCMI), which provides a 
framework for adding metadata to individual pieces of data. The other standards described in this section are 
ontologies. FOAF provides a framework for describing users, their relations with other users and the 
activities that they are involved in. More specific learner models can be created using IMS LIP and PAPI. We 
conclude with the Native Operation Ontology for user interaction with the desktop, Web browser and email. 

The overview in this section is by no means exhaustive or imperative. The User Profile Format is deliberately 
intended to be naïve with respect to the specific ontology used. With this section we intended to provide an 
overview of the possible instantiations of the user profile format – we will come back to them in section 4, in 
which we show how user observations can be formally represented within the user profile.  

2.3.1 DCMI Metadata Terms 
The DCMI Metadata Terms [13] is a collection of properties and classes together with vocabulary and syntax 
encoding schemes specified by the Dublin Core Metadata Initiative that allow describe metadata of things. 
This is not only restricted to files, but the DCMI metadata terms can rather applied to all things that are 
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identifiable (e.g. by an URI). The DCMI terms itself are also identified via an URI. Here, the specification 
distinguishes two namespace: (1) http://purl.org/dc/elements/1.1/ and (2) http://purl.org/dc/terms/.  

The first namespace defines 15 terms in a simplified way (“simple Dublin Core”). All the 15 terms are also 
specified as sub-concepts in the second namespace, however in a more precise and restrictive way, e.g. for 
the vocabulary concept “date” there are no range restriction in the namespace 
http://purl.org/dc/elements/1.1/ (i.e. for http://purl.org/dc/elements/1.1/date there is no range formally 
specified) whereas the second namespace (http://purl.org/dc/terms/) restricts values of “date” to RDF 
Schema Literals (i.e. the range of http://purl.org/dc/terms/date, which is a sub-concept of 
http://purl.org/dc/elements/1.1/date) is http://www.w3.org/2000/01/rdf-schema#Literal). 

In the following we explain some of the DCMI terms that are interesting for the user profile format (see 
Grapple statements in Section 3). We will use “dc” as abbreviation for the namespace 
http://purl.org/dc/terms/ and “dce” as abbreviation for the namespace http://purl.org/dc/elements/1.1/. The 
complete list of metadata terms is listed and described in [13]. 

created – dc:created (range: rdfs:Literal) or dce:c reated: 

This term is a property and describes the date of creation of a resource. It refines the property dc:date, which 
itself is a refinement of dce:date, and expects values of the type rdfs:Literal. It is recommended to use an 
encoding scheme such as according to the W3C-DTF profile, the W3C Date and Time Formats Specification, 
which is specified in http://www.w3.org/TR/NOTE-datetime. A value of created might therewith be given as 
follows: YYYY-MM-DDThh:mm:ss.sTZD, where YYYY = year, MM = month, DD = day, hh = hour (00 through 
23), mm = minutes, ss = seconds, s = one or more digits representing a decimal fraction of a second, and 
TZD  = time zone designator (Z or +hh:mm or -hh:mm) [36]. Example: 

·  2008-12-18T19:23:50+01:00 denotes December 18th 2008, 07:23:50 pm, CET, Central European 
Time 

·  2008-12-18T18:23:50Z denotes the same instance of time 

 

creator – dc:creator (range: dc:Agent) or dce:creat or: 

The creator property describes “an entity primarily responsible for making the resource” [13]. It is not 
restricted to persons, but can also be an organization, a Web service or another kind of software application. 
Formally, the range of dc:creator, which refines dc:contributor (an entity that made contributions to the 
resource) and dce:creator, is dc:Agent. A dc:Agent can be anything that is able to act, e.g. a user, a software 
application, etc. The value of dc:creator can be encoded as URI. URIs have to be encoded according to RFC 
3986 [5]. For example, valid values of dc:creator are “http://grapple-project.org/people/#houben” or 
“http://grapple-project.org/applicatios/glearn”. By stating that “http://grapple-project.org/people/#houben” is 
the dc:creator of something, one can infer that “http://grapple-project.org/people/#houben” is a dc:Agent. 
dce:creator does not make range restrictions. Here, values can also be strings, e.g. , “Geert-Jan Houben” or 
“GLearn application”. 

format – dc:format (range: dc:MediaTypeOrExtent) or  dce:format: 

The property “format” describes the file format, physical medium, or dimensions of a resource. It is 
recommended to use a controlled vocabulary like the list MIME types that is maintained at   
http://www.iana.org/assignments/media-types/. dc:format refines dce:format and requires an instance of 
dc:MediaTypeOrExtent, which represents either a media type or an extent.  

spatial – dc:spatial (range: dc:Location): 

dc:spatial refines the property dc:coverage and dce:coverage. Values assigned to this property describe 
spatial characteristics of a resource. It can either describe the spatial topic of a resource or it describes the 
spatial applicability of the resource. The location might be a named place or a location specified by its 
geographic coordinates, which is modelled by as instance of dc:Location.  

temporal – dc:temporal (range: dc:PeriodOfTime): 

dc:temporal refines the property dc:coverage and dce:coverage. Values assigned to this property describe 
the temporal coverage of a resource. It can be described by a named period, date, or date range, which is 
modelled by an instance of dc:PeriodOfTime. A period of time should be encoded according to the guidelines 
presented in [12]. Therewith a period of time consists of four parts: start (start of time interval; default: -INF), 
end (end of time interval; default: INF), scheme (encoding scheme used for the representation of the time 
instances; default: W3C-DTF [36]), and name (the name/label of the time interval). Example:  
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·  start=2008-12-16T11:00:00+01:00; end=2008-12-16T11: 45:00+01:00; name=Skype 
meeting;   denotes a time interval on December 16th 2008, between 11am and 11:45am (CET, 
Central European Time) (W3C-DTF is used as scheme per default). 

·  start=2009-01-01; name=After 2008;  denotes the period after the year 2008. 

Among the DCMI terms there is a set of other properties related to time. For example, the properties 
dateAccepted, dateCopyrighted, dateSubmitted, issued, and modified refine dc:date and dce:date and 
describe some characteristics of the resource’s life cycle, i.e. when the resource was accepted, copyrighted, 
submitted, issued, and modified respectively. Properties like abstract, alternative, description, subject, 
tableOfContents, or title, which can have any strings as values, describe the actual content of a resource. 
The structure of a resource and its relations to other resources can be characterized using the sub-
properties of dc:relation/dce:relation, which are hasPart, isPartOf, isReferencedBy, isReplacedBy, 
isRequiredBy, isVersionOf, references, replaces, and requires. For more details the reader is referred to  
[13]. 

2.3.2 Friend Of A Friend 
The Friend Of A Friend (FOAF) vocabulary [8] is a language to describe people and resources in the Web. It 
is an ontology that was built using Semantic Web standards (like RDF Schema [7]) and is intended to be 
applicable in a wide scale, i.e. it can not only be used to model people and their relations to other people (as 
indicated by the name of the vocabulary), but is also applicable to characterize documents or projects. 
Figure 6 gives an overview about the different building blocks of the FAOF vocabulary. Classes – in the 
sense of RDF Schema Classes (rdfs:Class) – start with a capital letters and properties – in the sense of RDF 
Properties (rdf:Property) – start with lower case letters.  

 

Figure 6 - FOAF terms grouped into the main building blocks of the FOAF vocabulary. Source: 
http://xmlns.com/foaf/spec/ 

The main categories of the FOAF vocabulary are given as follows. 

·  FOAF Basics:  A foaf:Agent is the class of all agents, which are entities that do something. 
foaf:Person is the most prominent subclass of foaf:Agent and represents a person, which can be a 
human or an imaginary. Properties like foaf:name and foaf:title are very general and do not have any 
domain restrictions, i.e. everything can have a name or title. In contrast, foaf:firstName, 
foaf:family_name, or foaf:surname are restricted to the domain of instances of the class foaf:Person. 
foaf:homepage and foaf:mbox stand for the homepage and email address of an agent. 

·  Personal Info:  The most prominent property in this group of terms is foaf:knows, which can be 
applied to state that two persons know each other. The domain (rdfs:domain) and range (rdfs:range) 
of this property is thus foaf:Person. To state that Paul knows Marry using the FOAF vocabulary, one 
has to refer to the URI, which refer to the instances that model Paul and Marry, e.g.: 

<rdf:Description rdf:about=”http://grapple-project. org/people#paul”> 
   <foaf:knows rdf:resource=”http://marry-jones.com /foaf.rdf#me”/> 
</rdf:Description> 

As foaf:knows is not a symmetric property, this does not imply that Marry also knows Paul. The FOAF 
vocabulary recommends users to adhere to the principles of Linked Data [5]. For the example above 
this means that the Paul’s and Marry’s URIs should be resolvable, i.e. when looking up the URI one 
should retrieve a useful (RDF) description, which contains links (URIs) to other resources. In that way, 
applications can navigate through FOAF data that is distributed through the Web. 
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The property foaf:interest is adequate to describe the interest of a foaf:Person. foaf:interest always 
refers to a foaf:Document. Here, the idea is that a person is interested in the foaf:topic of the 
corresponding document. The FOAF properties currentProject, pastProject, publications, 
workplaceHomepage, workInfoHomepage, and schoolHomepage allow detailing the curriculum vitae 
of a foaf:Person. 

·  Online Accounts / IM:  This vocabulary block contains terms that allow to model online accounts 
(foaf:OnlineAccount) and to refer agents to some specific account. The FOAF classes 
OnlineChatAccount, OnlineEcommerceAccount, and OnlineGamingAccount are subclasses of 
OnlineAccount while the properties icqChatID, msnChatID, aimChatID, jabberID, and yahooChatID 
refine the property nick, which is part of the FOAF Basics block and depicts the nickname of a person. 

·  Projects and Groups:  The FOAF also models projects, organizations, and groups, where groups can 
have members (foaf:member), which are instances of foaf:Agent. As foaf:Group is a subclass of 
foaf:Agent, groups can be members of other groups.  

·  Documents and Images:  All things that are commonly considered as documents can be classified as 
foaf:Document. The classes foaf:Image and foaf:PersonalProfileDocument are specializations of 
foaf:Document, e.g. a foaf:PersonalProfileDocument is a document that contains a description of the 
agent, which created (foaf:maker) the document. The property foaf:tipjar refers to a foaf:Document 
that contains a description about the “means for payment and reward”. Furthermore, it might simply be 
a link to a service like http://paypal.com.  

Some of the terms that are part of the Friend Of A Friend vocabulary specification are not listed in Figure 6. 
For example, the property foaf:openid, which relates an agent (foaf:Agent) with a document that uniquely 
identifies the agent indirectly5. It is recommended to use an identifier URL according to the OpenID 
specification [34]. foaf:openid is an owl:InverseFunctionalProperty (cf. [30]) so that the value of foaf:openid is 
unique. 

The following RDF listing illustrates the usage of FOAF by example: 

<foaf:Person rdf:ID="patrickSiehndel"> 
  <foaf:knows rdf:resource="http://www.daniel-kraus e.org/foaf.rdf#me"/> 
  <foaf:knows rdf:resource="http://www.kbs.uni-hann over.de/~henze/foaf.rdf#me"/> 
  <foaf:name>Patrick Siehndel</foaf:name> 
  <foaf:title>B.Sc.</foaf:title> 
  <foaf:givenname>Patrick</foaf:givenname> 
  <foaf:family_name>Siehndel</foaf:family_name>    
  <foaf:currentProject rdf:resource="#groupme"/> 
  <foaf:workplaceHomepage rdf:resource=”http://l3s. de”/> 
  <foaf:publication rdf:resource=”#paper20”/> 
  <foaf:interest rdf:resource=”#paper20”/>  
</foaf:Person> 

<foaf:Project rdf:ID="groupme"> 
  <foaf:name>GroupMe! Project</foaf:name> 
  <rdfs:comment xml:lang="en">The GroupMe! project. ..</rdfs:comment> 
  <foaf:homepage rdf:resource="http://groupme.org"/ > 
</foaf:Project> 

<foaf:Document rdf:ID=”paper20”> 
  <foaf:topic rdf:resource=”http://dbpedia.org/reso urce/Semantic_Web”/> 
  <dc:title>GroupMe! – Where Semantic Web meets Web  2.0</dc:title> 
</foaf:document> 

The RDF listed above describes three entities, namely a person (patrickSiehndel), a project (groupme), and 
a document (paper20). In the example, Patrick knows two other persons, which are described in separate 
documents. Patrick is currently associated to the GroupMe! project (groupme) and his interest is specified via 
paper20, which has Semantic Web as topic and is a publication as well that was authored by Patrick. 

2.3.3 IMS Learner Information Package and PAPI 
Even though FOAF provides a flexible way of describing users, their relations and their activities, most ALEs 
would need a more detailed learner model. In this section, we shortly introduce the two most important 
examples for learner modelling standards, PAPI and IMS LIP. Both standards deal with several categories 
for information about a learner. 

                                                      
5 Indirect identification: http://www.w3.org/TR/webarch/#indirect-identification 
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IMS LIP6 contains several categories for data about a user. LIP incorporates the results of “top-level” 
educational activities, in addition to relatively static information about the user, such as demographics. The 
identification category represents demographic and biographic data about a learner. The goal category 
represents learning, career and other objectives of a learner. 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, eligibility, and learning preferences. The transcript category represents institutionally-based 
summary of academic achievements. The affiliation category represents information records about 
membership in professional organizations. The security key is for setting passwords and keys assigned to a 
learner [15]. 

According to [32], the coarse-grained level of detail of LIP limits the benefits of LIP for adaptation and 
personalization. The main problem is that LIP does not contain a slot for storing a history of user interactions 
with the system, renders them of limited use in the context of ALEs. The main underlying problem is that 
many ALEs require a “history” of the user’s interactions, in order to provide suitable adaptations. 
Furthermore, IMS LIP provides no connections with a domain or course model, which is needed for relating 
the student’s status to a specific learning entity or object. The related IMS ePortfolio specification provides 
some means for doing this, but this specification seems not to be used to a large extent.  

 

Figure 7 - Global Structure of IMS LIP 

Arguably, the only standard available today that has extended provisions for modelling fine-grained user 
activities is PAPI (“Public And Private Information”). The PAPI standard reflects ideas from intelligent tutoring 
systems where the performance information is considered as the most important information about a learner, 
and also stresses the importance of inter-personal relationships [32]. The strengths of PAPI in relation to 
ALEs stem from its support for representing learner activities in quite structured manner and in as great 
detail as necessary. 

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 a specific learner to other persons (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 learner is able to recognize. 
Performance is for storing information about measured performance of a learner through learning material 
(i.e. what does a learner knows). Portfolio is for accessing previous experience of a user. Each category can 
be extended [15]. 

                                                      
6 http://www.imsglobal.org/profiles/ 
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Figure 8 - Global Structure of IEEE PAPI 

Being derived from the best practices in writing curriculum vitae, the IMS LIP specification consists of rich 
structures for representing various user aspects. On the other hand, PAPI has been developed from the 
perspective of learners’ performance during studies, as its main categories. Despite their breadth and 
complexity, neither of the two specifications is comprehensive enough to fully support personalizing the 
learning process [14]. 

At the RWTH Aachen a LIP2PAPI Converter7 has been developed. A mapping of the main categories from 
LIP to PAPI is displayed in Figure 9 - Mapping LIP to PAPI. 

 

Figure 9 - Mapping LIP to PAPI 

2.3.4 Native Operation Ontology 
The Native Operation (NOP) ontology8 was developed in context of the European Nepomuk project9 as part 
of the Nepomuk ontologies. The NOP ontology focuses on describing the domain of native operations like 
                                                      
7 http://www-i5.informatik.rwth-aachen.de/i5new/staff/chatti/LIP2PAPIConverter/index.html 
8 RDF Schema of the Native Operations Ontology: 
https://usercontext.opendfki.de/repos/trunk/UserObservationHub/src/de/dfki/km/usercontext/userobservation
hub/vocabulary/nop.rdfs 
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bookmark operations, file operations (copy, move, etc.), or search operations. Basically the ontology 
contains (1) classes that model these native operations (see Figure 10) and (2) classes that model data 
objects (see Figure 11), which are involved in native operations.  

 

 

Figure 10 - Classes that model native operations. 

  

                                                                                                                                                                                
9 http://nepomuk.semanticdesktop.org 
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Figure 11 - Classes that model data objects. 

Figure 12 gives an idea about how operations and data objects are related with each other. Each native 
operation (nop:NativeOperation) refers to an application (nop:Application), which is the application where the 
operation was performed. nop:certainty is a double value between 0 and 1, and indicates how certain the 
user observation is. The nop:timestamp property describes the time when the observation happened and 
nop:operationObject refers to data objects (nop:DataObject) that  were involved into the operation. For 
example, nop:BookmarkOperation provides a property nop:bookmark, which is a sub-property of 
nop:operationObject and which refers to the nop:Bookmark object describing the actual bookmark.  

 

Figure 12 - Extract of the Native Operation Ontology. 

The user observation that will be reported to the user modelling framework (see Section 3) will be similar to 
the native operations modelled in the NOP ontology. The user observation model presented in Section 3 is 
required to be highly generic. The NOP ontology, in contrast, can serve as domain ontology to describe user 
observations on a more detailed abstraction level.  
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2.4 Concluding Remarks 

In this chapter we have investigated several issues and possible solutions that are associated with a 
distributed user model format, to be used by a possibly broad selection of adaptive and non-adaptive 
systems. Given the wide scope of the field, it is impossible to cover everything that is related and relevant on 
a limited number of pages. However, we believe the chapter provides sufficient basis to draw the following 
conclusions – and to take the related design decisions. 

Minimal Core Ontology, Model Conversion Approach  

From related research – and as exemplified by the different approaches used by AHA!, Claroline and the 
Personal Reader – we have learnt that the user models of these systems are quite different and that they 
cover different features of the user. These different needs are most likely the cause why generic user model 
servers with a predefined user model structure never found wide acceptance. Despite the many 
disadvantages (information loss, the need for conflict resolution), we think a model conversion approach 
makes far more sense. 

Having said that, a basic core ontology will be needed to ensure that systems have a common, shared 
understanding of the user (in particular personal information, contacts, relations and activities and 
documents). Candidate standards for this core ontology include (but are not limited to) FOAF and IMS LIP. 

In addition to the core ontology, adaptive systems should be able to define their own vocabulary and to 
maintain their own data; in other words, they should have their own data spaces. 

Flexible Representation Format with Sufficient Meta data  

Given a sufficiently flexible syntax, it should be possible to translate any other format into this syntax. As 
motivated in Section 2.1.1, the main problems are on the syntactic level. Following the approach of GUMO 
and UserRDF, we adopt a simple and flexible format subject-predicate-object with serializations in XML and 
RDF (any other serialization can be added at a later stage). 

As we have learnt that the main prerequisite for the detection of conflicts – and in general for deducting 
where any statement of a user comes from and how reliable this statement is – is the availability of sufficient 
metadata, each entry in the Grapple User Model Format should have a minimum amount of metadata. 
Whereas GUMO and UserRDF provide slots to a certain extent, the most extensive and validated set of 
metadata stems from DCMI initiative. We will adhere to this standard, although several adaptations are 
necessary for the specific domain of user modelling. 

Enable Generic and Specific Derivation Rules 

Mapping and conflict resolution – and knowledge inference in general – have been shown to be of highly 
importance in distributed user modelling for a wide variety of adaptive systems. For this reason, the definition 
of a user model format should at least enable derivation – and provide methods for tracing back a chain of 
derivations to its roots. Therefore, this particular topic should be envisioned in the design and discussed in 
the next chapter. 

Many mappings and derivation rules will most likely be domain-specific. However, in various fields – such as 
machine learning and collaborative filtering – standard abstract mappings (which follow a specific pattern, 
but behave differently for different data) are available. In order to stimulate the use of the Grapple User 
Modelling Framework, as created in WP6, and the Grapple User Profile Format, as introduced in this 
deliverable, a basic set of these mappings should be developed and be made available as basic 
functionality. 

Not Just Syntax and Semantics, but Basic Functional ity  

As this deliverable deals with the user profile format, the functionality of the User Modelling Framework in 
general is out of scope. However, in the process of analyzing related research and designing the user profile 
format, several requirements for the framework have been identified. We will come back to these 
requirements in the concluding chapter of this deliverable. 

 

3 User profile format  

In this section we will present the core user profile format that will be used in Grapple to make statements 
about the user/learner. These statements are called Grapple Statements and they may represent as many 
different things as preferences indicated by the user, registration of user interaction events within a system 
and user characteristics, as derived via one or more reasoning steps. First, we shortly repeat the approach 
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of the user modelling framework, which deals as a broker for the Grapple statements. Afterwards, we 
introduce the idea that relies on Grapple statements before we present the core Grapple User Modelling 
Ontology that specifies  the Grapple Statement as well as the core terms that can be used within a Grapple 
statement. The section ends with practical examples and an outlook regarding the role of Grapple 
statements within the user modelling framework. 

Note that in this chapter we only provide the framework, without further motivation. This is in order to keep 
this chapter concise. For the motivations of our design decisions we refer to the final section of the preceding 
chapter 2. 

3.1 User Profile Brokerage in the User Modelling Fr amework 

From the related work we know that incorporating user profile information from other contexts is not a 
straightforward process. The poor take-up of the generic user modelling servers, developed in the 1990s, 
suggests that a centralized approach, with predefined ontologies, does not cater the needs of the multitude 
of adaptive systems, which are very heterogeneous in nature. Incorporating external user data should be 
done with as much  (or even more) care as building a model from own data. In addition to uncertainty on 
user observation, inference and representation of the data, uncertainty due to change of context should be 
taken into account [24]. 

Based on the above, we designed a framework that facilitates the brokerage of user profile information and 
user model representations. This framework, which we call the Grapple User Modelling Framework (GUMF), 
is designed to meet the following requirements. First, various types of systems should be able to connect to 
the framework. Further, the framework should provide a flexible user model format that allows for new types 
of statements and derivation rules. Sufficient metadata should be given to indicate its origin, contents and 
validity. The browsing and searching of user data or model extensions, provided by the connected systems, 
should be supported by rating mechanisms. As several systems may provide competing models of, for 
example, user interests, and as the quality of these models can vary significantly. It is important that a 
system administrator (i.e. a user of the framework) can take a motivated decision which alternative is most 
suitable for his personalization purposes. 

The core element of the framework can be considered a broker, which provides the means for other systems 
to share and make use of their user data. In this section we provide an overview of the elements that are 
needed for setting up this framework. 

In Figure 13 a generic overview of the GUMF architecture is depicted. The central element of the framework 
is the Grapple User Modelling Broker (GUMB), which manages the communication between the connected 
systems. The broker keeps track of the registered systems, the available user model data and ontology 
extensions. Further, it keeps a centralized repository of user events. The framework provides Web-based 
administrative interfaces for managing the system configuration and for exploring the available user data 
streams, reasoning mechanisms and ontology extensions. The target audience of these interfaces consists 
of the administrators and programmers of client (adaptive) systems, in order to find and incorporate suitable 
user data streams and to offer their own data streams. Once configured, the client systems can exchange 
user data without human intervention. 
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Figure 13 - User Modelling Broker Approach 

The main objective of the GUMF is to derive/infer new Grapple statements from the existing ones. The 
GUMF receives Grapple statements that, for example, describe user profiles and user observations from the 
registered client applications. The term of registered client application refers to software that is registered 
and communicates with the GUMF. The applications are allowed to define their derivation rules that are used 
by the GUMF to derive new Grapple statements from the existing ones that are maintained by the GUMF.  
Also, the applications are able to provide schemas that summarize types and properties of the statements. 
The new derived Grapple statements can be accessed by the applications in the following different ways: 
sending queries, subscribing to streams, or browsing.  

Hence, Grapple statements build the core basis for the GUMF as they not only guarantee the exchange of 
user profile information (between different applications), but also enable main functionalities of the GUMF 
(such as deduction of new user profile information). In the next section we introduce the idea behind Grapple 
statements in more detail.   

3.2 Grapple Statements 

In the Grapple user modelling framework (GUMF) a user profile consists of a set of statements, which are 
called Grapple Statements (or Grapple Statements or just statements). In a broad sense, Grapple 
statements can be considered as statements humans formulate in their everyday life. Thus, examples of 
such statements in pure textual form are:   

·  S1 := Mary likes chemistry  

·  S4 := Mary prefers learning style A to learning style B 

·  S6 := Mary does not like mathematics 

·  S7 := Mary is colour-blind  

·  S8 := Peter likes mathematics 

·  S9 := Peter is a good Java programmer (claimed by Mary) 

·  S10 := Peter knows the concept of object oriented programming (learned with the AHA!) 

·  S12 := Peter knows the Theorem of Pythagoras (learned with Moodle, last year) 

·  S13 := Mary does not like chemistry very much (claimed by Peter, yesterday) 



 D2.1 - Definition of an appropriate User profile format  (v1.0), 04-03-2009 

Definition of an appropriate User profile format Page 27 (46) 

In our example, one possible user model for Mary could be: M1 (Mary) :=  { S1, S6, S7 }. And a possible user 
model for Peter could be M2 (Peter) := { S8, S9, S10 }. 

In Grapple we model the statements above, which people usually formulate in natural language, by the 
notion of Grapple statements, which basically consist of a subject (usually the user), a predicate (some 
property of the subject), and an object (the value of the predicate). Each Grapple statement has a globally 
unique ID as well as some other additional properties that further describe the statement itself as well as the 
circumstances, in which the statement was made. Examples of these additional properties are the creation 
time, the creator of the statement, etc.  

Grapple statements are the atomic unit of information about a user. The user model of a particular user is a 
set of selected Grapple statements. Further, Grapple statements can also state something about an entity 
that is not a user, e.g. an organization or a group of users. Hence, in more general, a Grapple statement is 
the atomic unit of information about an entity of interest for user modelling. 

The interesting and challenging issue of this definition of a user model is somehow hidden in the term 
“selected”. Not all statements about a user need to be part of a user model. That is especially necessary for 
contradicting statements. A decision has to be made at the time when the user model is constructed. Which 
“selected” statements belong to a user model is decided in a possibly complex algorithm by the user 
modelling framework. The focus in this section is “how can such information be syntactically defined and 
represented for ALE and LMS applications”?  

This first step is decomposition: the accretion method shows the way to decouple user profiles or user 
models into smaller parts, into information units, which are formed by the Grapple statements. Since a user 
profile is a set of Grapple statements, the user profile format can be led back to the Grapple statement 
format, which bases on a set of terms that form the Grapple Core User Modelling Ontology. 

3.3 The Grapple Core User Modelling Ontology 

The Grapple Core User Modelling Ontology (for short: Grapple Core) specifies the lingua franca for 
exchanging user profile information and user observations in the Grapple user modelling infrastructure. It 
follows the approach of the General User Model Ontology [19] (GUMO) and UserRDF [3] as it is built upon 
the notion of reified subject-predicate-object statements (see above). The subject models the entity (usually 
the user) the statement is about, the predicate refers to a property (of a domain ontology) that either 
characterizes the subject (e.g. “foaf:interest” or “k:hasKnowledge”) or describes some action the subject has 
performed (e.g. “nop:hasBookmarked” or “nop:hasClicked”) and the object contains the corresponding value 
(e.g. “Sport” or “dbpedia:semantic_web”). Each statement has a globally unique ID and is enriched with 
metadata such as the creation date or details about the provenance of the statement. 

The Grapple Core ontology is defined in analogy to the Dublin Core as described in Section 2.3.1 and 
consists of a set of terms that are semantically and syntactically defined. The Grapple Core formally defines 
the notion of Grapple statements (see above) including the (metadata) terms that can be attached to these 
statements. Overall, Grapple Core is a collection of classes and properties specified by the Grapple project 
that allow describe (meta) information about users and learners in a technology enhanced learning 
environments. It is, however, not restricted to elearning domains, but can be applied in arbitrary domains to 
model users. Since the Grapple Core can be understood as extension of the Dublin Core in the field of 
technology enhanced learning, the Dublin Core metadata terms [12] that are suitable as well as terms from 
other appropriate domain ontologies (see Section 2.3) can directly be used in an unchanged manner (cf. 
Section 3.3.3).  

The Grapple Core terms are identified via URIs with the intended namespace: 

gc = http://www.grapple-project.org/grapple-core/ 

The complete Grapple Core ontology in RDF/XML format can be found in the appendix. In the following we 
overview the ontology and describe the semantics of the terms that are specified in the ontology. 

The most important concept that is defined in Grapple Core is the class gc:Statement. 

The Grapple Statement - gc:Statement: The class gc:Statement models a Grapple Statement. It is 
deduced from the idea of rdf:Statement, which is a reified statement in RDF [16]. Each Grapple statement 
has a globally unique ID , which makes it possible to refer to statements, which is, for example, required to 
specify a user profile (set of statements) of a particular user. A gc:Statement basically consists of a subject, 
predicate, and an object and the reification approach allows for further characterization of a Grapple 
statement. Therefore, Grapple Core defines a set of terms, which can logically be separated into terms, 
which form the main part – the main content – of the statement and terms, which describe the statement on 
a meta-level. Formally, all terms are properties of the class gc:Statement. 
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3.3.1 Main part Terms 
The main part terms (main properties of the class gc:Statement) are designed to catch the original piece of 
information in a uniform way. For the entity that the statement is about there are two terms: either “gc:user” if 
the statement can be seen as part of the user model or “gc:subject” if the statement is more general a 
context model. The terms that are part of the main part of a Grapple statement are listed in the following. 

·  gc:subject  The entity (usually the user) the statement is about. The value of gc:subject can be any 
resource. We strongly recommend using Uniform Resource Identifiers (URIs), as defined in RFC 
3986 [6], as values for gc:subject. Example values of gc:subject are: http://www.grapple-
project.org/user/john, http://john.myopenid.com, http://john-doe.com/foaf.rdf#me, 
http://example.org/people.rdf#ProjectTeamXY, “johndo”, or “1826342”. 

·  gc:user The property gc:user is a subproperty of gc:subject and therewith inherits the characteristics 
of gc:subject (e.g. we strongly recommend to identify the user via URIs, however, we also allow for 
literal values). While gc:subject might refer to entities, which are not users (e.g. groups, 
organizations, or entities, which form some kind of context of a user profile), gc:user, on the contrary, 
explicitly refers to a user entity. 

·  gc:predicate Refers to a property the user/subject has. In general, the gc:predicate refers to a 
property that is defined in another (domain) ontology. The value of gc:predicate can, for example, be 
foaf:interest (http://xmlns.com/foaf/0.1/interest) which is a property specified in the FOAF ontology 
(see Section 2.3.2) that can be used to specify the interests of an entity. In the current version of 
Grapple Core, the range of gc:predicate is not restricted to URIs, but permits any types of resource 
(cf. rdfs:Resource in [7]). However, we strongly recommend the usage of URIs pointing to properties 
that are formally defined in an ontology, so that the semantics are explicitly specified.  

·  gc:object The attribute gc:object contains the actual value of the entire statement. For the example 
above, where gc:predicate is given with foaf:interest, the value of gc:object could be 
“http://en.wikipedia.org/wiki/Semantic_Web” which would then mean that the user/subject is interest 
in the Wikipedia page about Semantic Web. The range of gc:object is not restricted. It can be any 
string value, number, URI, etc. Other examples are “peter@web.de”, “happy”, “17252”, etc. 

·  gc:level This property can be used to further qualify the value of the object. It can, for example, be a 
double value between 0.0 and 1.0 that describes the level of the user's competences, interests, etc. 
or it can be a textual description that further describes the object, e.g. "expert", "beginner", "rather", 
"extremely", etc. As there are different approaches to qualify the value of the object, the range of 
gc:level is not further restricted. We therefore recommend the usage of typed literals10. In RDF/XML 
syntax this could, for example, look as follows:  

(a) <gc:level rdf:datatype="http://www.w3.org/2001/XMLSchema#double">0.7</gc:level> 
(b) <gc:level rdf:datatype="http://example.org/Schema#doubleBetweenZeroAndOne">0.7</gc:level> 
(c) <gc:level rdf:datatype="http://www.w3.org/2001/XMLSchema#string">good</gc:level> 

Example (b) refers to an own data type (possibly defined in XML Schema), which adds further 
restrictions to the built-in data type “double” that is used in (a).  It is also possible to extent the 
Grapple Core ontology with specializations (subproperties) of gc:level that explicitly� prescribe a 
certain range (semantically as well as syntactically).  

·  gc:origin  The value of gc:origin contains the statement in its original form as it is modelled and 
formatted in the application that produced the main part of the Grapple statement. The range of 
origin is therefore deliberately unspecified. However, we again recommend the usage of typed 
literals. For example, the values of gc:origin could look as follows: “[user: john, key: interest, value: 
‘Semantic Web’, firstTimeUpdated: false]” or “<profile 
user=’john’><record><key>interest</key><value>Semantic Web</value><firstTimeUpdated> false 
</firstTimeUpdated></record></profile>”. 

The terms gc:subject (or alternatively gc:user), gc:predicate, and gc:object are obligatory while gc:level and 
gc:origin are optional. 

                                                      
10 Typed Literals: http://www.w3.org/TR/rdf-concepts/#dfn-typed-literal 
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3.3.2 Meta part Terms 
The meta part terms provide means to specify metadata that further describes a Grapple statement. Thus, 
these terms do not constitute the core content of a statement, but rather describe things, which are important 
for the general handling of Grapple statements (e.g. it is important for tasks such as validation, access 
control, reasoning, etc.). 

·  gc:ID The globally unique ID of a Grapple statement. Usually a Grapple statement is modelled 
according to the principles of RDF. Then, the Grapple statement has an ID by its very nature, which 
is accessible via rdf:ID  and rdf:about .  

In Grapple, the IDs of Grapple statements are usually created, provided, and maintained by the user 
modelling framework (GUMF). Hence, when an application sends a Grapple statement to the GUMF 
then the ID might not been set yet or set to an intermediate ID until the GUMF sets the final ID of the 
statement. 

·  gc:creator   Refers to the entity that created the statement. Ideally, the value of gc:creator is an URI. 
The term gc:creator is derived from dc:creator from the Dublin Core Metadata Terms (see Section 
2.3.1). For example, valid values of gc:creator are “http://grapple-project.org/people/#john”, 
“http://grapple-project.org/applicatios/glearn”, or “John Doe”.  

In Grapple, the creator of a Grapple statement is determined by the GUMF and the value of 
gc:creator is always the ID of the client application that submitted the statement. 

·  gc:created  Specifies when the statement was created. The term gc:created is derived from 
dc:created from the Dublin Core Metadata Terms (see Section 2.3.1). The range of gc:created is 
restricted to literals that specify a point in time. Grapple Core proposes the following encoding 
scheme: YYYY-MM-DDThh:mm:ss.sTZD, where YYYY = year, MM = month, DD = day, hh = hour 
(00 through 23), mm = minutes, ss = seconds, s = one or more digits representing a decimal fraction 
of a second, and TZD  = time zone designator (Z or +hh:mm or -hh:mm), Example: 2008-12-
18T19:23:50+01:00 denotes December 18th 2008, 07:23:50 pm, CET, Central European Time. 

·  gc:access  This property allows for access control. There will provide different access control 
mechanisms ranging from simple approaches that simply differentiate between "public" and "private" 
(or other access control classes) to more advanced approaches that allow for the specification of 
sets of entities that are allowed to access� the statement or that provide means to specify access 
control rules/policies, which also state for what kind of operations a statement can be used.� Hence, 
the range of gc:access is not restricted, but can be refined in subproperties, which correspond to a 
concrete access control mechanism.  

·  gc:temporal  The attribute gc:temporal allows defining temporal constraints on the validity of the 
statement. It is derived from dc:temporal from the Dublin Core Metadata Terms (see Section 2.3.1) 
and defines when the statement is applicable, i.e. defines the temporal coverage of the Grapple 
Statement. 

·  gc:spatial  The attribute gc:spatial – in analogy to gc:temporal – allows to define spatial constraints 
on the validity of the statement. It is derived from dc:spatial from the Dublin Core Metadata Terms 
(see Section 2.3.1) and defines where the statement is applicable, i.e. defines the temporal coverage 
of the Grapple Statement. 

·  gc:evidence  If a statement was produced by a reasoning process then gc:evidence can be used to 
show how the statement was deduced. It can either refer to or directly embody the formal evidence 
for the statement. 

·  gc:rating  The rating of a statement indicates the level of trust in the statement. The model behind 
this rating will be developed and presented in D6.2. 

3.3.3 Grapple Core Ontology and Data spaces 
The Grapple Core ontology defines the core model as well as the core terms that enable to make a 
statement about an entity. The core data model is formed by means of Grapple statements (gc:Statement), 
which follow the idea of reified RDF statements (cf. rdf:Statement in [16]). Each Grapple Statement has a 
URI (gc:ID) and basically consists of a subject (gc:subject/gc:user), predicate (gc:predicate), and object 
(gc:object) possibly enriched with some metadata such as creator (gc:creator), evidence (gc:evidence), etc. 
The semantics of the actual content of a Grapple statement are not defined in the Grapple Core ontology, 
but are defined in separate domain ontologies. Example: 

gc   = http://www.grapple-project.org/grapple-core/  
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foaf = http://xmlns.com/foaf/0.1/ 

gc:Statement {  
  gc:id:        gc:statement-peter-2009-01-01-32341 90;  
  gc:user:      http://www.peter.de/foaf.rdf#me;  
  gc:predicate: foaf:interest;  
  gc:object:    http://en.wikipedia.org/wiki/Sweden ;  
 } 

In the example above, the subject (gc:user), predicate, and object refer to entities, which are not part of the 
Grapple Core ontology. gc:user identifies the user Peter by referring to his FOAF profile, which is, in this 
example, a separate document located at “http://www.peter.de/foaf.rdf”. The value of the predicate is 
“foaf:interest”., which is a property defined in the FOAF ontology [8]. To find out about the actual meaning of 
“foaf:interest” one has to look up the FOAF ontology (more precisely, the ontology that is identified via foaf = 
http://xmlns.com/foaf/0.1/). The FOAF ontology defines “foaf:interest” as follows. 

<rdf:Property rdf:about="http://xmlns.com/foaf/0.1/ interest"   
     vs:term_status="testing"  
     rdfs:label="interest"  
     rdfs:comment="A page about a topic of interest  to this person."> 
  <rdf:type rdf:resource="http://www.w3.org/2002/07 /owl#ObjectProperty"/> 
  <rdfs:domain rdf:resource="http://xmlns.com/foaf/ 0.1/Person"/> 
  <rdfs:range rdf:resource="http://xmlns.com/foaf/0 .1/Document"/> 
  <rdfs:isDefinedBy rdf:resource="http://xmlns.com/ foaf/0.1/"/> 
</rdf:Property> 
 

The definition of “foaf:interest” tells us important things that clarify the actual meaning of the Grapple 
statement: 

·  The comment describes the semantics of “foaf:interest” for people (application developers, etc.) that 
want to use the property. We now know that the Grapple statement describes a “topic of interest” of 
the user by referring to a page that deals with this topic. 

·  We can deduce that “http://www.peter.de/foaf.rdf#me” is of the type “foaf:Person”, because the 
domain (rdfs:domain) of “foaf:interest” is “foaf:Person”. 

·  We can deduce that “http://en.wikipedia.org/wiki/Sweden” is a “foaf:Document”, because the range 
(rdfs:range) of “foaf:interest” is “foaf:Document”. 

Hence, to fully understand the semantic meaning of a Grapple statement one also has to understand the 
semantics of the things the statement refers to.  

The Grapple statements are basically container of domain- and/or application-specific data and link to other 
ontologies such as the FOAF ontology (see Section 2.3.2) or the Native Operation Ontology (see Section 
2.3.4). Applications might just support a subset of these ontologies/namespaces. The set of supported 
namespaces decides which fraction of data an application can understand. 

The set of statements is logically partitioned into subsets that we call Grapple dataspaces or simply 
dataspaces. We consider data space as a logical bundle of data (instances) as well as ontologies and rules 
(schema). Data spaces thus go beyond the notion of namespaces as they explicitly allow us to specify a set 
of things that span a certain data space, on which an operation (e.g. query operation or reasoning operation) 
should be executed. In more detail, such dataspaces represent the part of the GUMF that a certain client 
application is managing and responsible for, i.e., its own workspace. Every dataspace is owned by one client 
application, and each client application has one dataspace. A certain dataspace will contain the set of 
statements of which the client application is the creator, and it has in addition an associated set of derivation 
rules which derive new statements in this dataspace. These rules are also managed by the client application 
that owns the dataspace. The dataspaces are not only accessible for the owner, but can also be read by 
other client applications. These could for example add derivation rules for their dataspace that derive 
statements from those in dataspaces from other client applications. 

3.4 Usage of Grapple statements in the User Modelli ng Framework 

As mentioned above in Section 3.1, Grapple statements are the user information units the Grapple user 
modelling framework (GUMF) deals with. In the following two subsections we illustrate how the GUMF 
utilizes Grapple statements. 
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3.4.1 Adding Statements, Derivation Rules and Schem as 
The registered client applications are able to add statements and derivation rules to the GUMF. Then, 
internally, the GUMF stores these statements and derivation rules. Note that the GUMF also allows the 
applications to modify and remove the statements and derivation rules. The set of statements is logically 
divided into subsets that we call Grapple dataspaces or simply dataspaces. These are subsets of the set of 
statements which contain exactly all statements of some creator, i.e., were added by the same client 
application.  

With each of these dataspaces also a set of derivation rules is stored which is specified by the client 
application in question. These derivation rules are called Grapple derivation rules (or simply derivation rule in 
this section) and define how additional statements are derived in this dataspace from other statements in this 
or any of the other dataspaces. These rules will be able to express simple types of inference in terms of 
premise-conclusion rules that derive new statements from the existence of other statements. These other 
statements can be in other dataspaces and may include derived statements. The rules will allow the 
derivation of aggregating statements and the derivation of common statements from registered events. The 
derived statements will be added only to the dataspace with which the rule is associated. This gives each 
client application full control over its own dataspace. It can, for example, declare by specifying certain rules 
that statements from certain other dataspaces are partially or fully included in its own dataspace. The 
derivation rule language will be extensible in the sense that special extra predicates over statements and 
components of statements can be added which can then be used in the premises of the rules. These 
predicates might capture for example special algorithms for deciding whether two learners in two different 
dataspaces are in fact the same person.  

Beside the statements and derivation rules, the GUMF also allows the applications to add, remove, and 
modify schemas or parts of schemas that summarize, for example, which types of statements are found in a 
certain dataspace, and which properties of users are stored in a certain user model, or which properties of 
concepts are stored in a certain domain model. These schemas are stored by the GUMF and can be 
accessed by other client applications in order to investigate what information is available in other dataspace 
than their own. These schemas are either generated automatically from the statements in the dataspace, or 
are specified by the client application of the dataspace. In the latter case these schemas can also contain 
informal descriptions that describe the intended meaning of the statements. 

Derivation rules enable the GUMF to generate new Grapple statements. These rules can, for example, (i) 
infer statements that embody new knowledge, (ii) they can be used to map between different ontologies or 
(iii) they describe how to solve problems where statements or rules conflict with each other. A simple 
derivation rule that infers new knowledge about a user might express the following: If a user has bookmarked 
a website that has topic t then the user is interested in t. Such a rule can, for example, simply be formulated 
as a SPARQL query: 

PREFIX foaf:  <http://xmlns.com/foaf/0.1/> 
PREFIX gc:    <http://www.grapple-project.org/grapp le-core/> 
PREFIX gnop:   <http://www.grapple-project.org/nop/ > 
 
CONSTRUCT { gc:derivedStatement  gc:user      ?user  . 
            gc:derivedStatement  gc:predicate foaf: interest . 
            gc:derivedStatement  gc:object    ?topi c } 
WHERE { 
            ?originalStatement   gc:user      ?user    
            ?originalStatement   gc:predicate gnop: hasBookmarked . 
            ?originalStatement   gc:object    ?docu ment . 
            ?document            foaf:topic   ?topi c . } 
 
A mapping rule could simply map one value to another value or it can compose a new value from other 
values or decompose one value in different separate values. Conflict resolution rules can be used to define 
preferences among different types of statements or preferences among different rules. A more detailed 
description of derivation rules will be given in Deliverable 2.3, which presents the reasoning mechanisms 
within the User Modelling Framework.   

3.4.2 Retrieving Statements 
There are basically three ways that client applications can retrieve information from the GUMF. The first is a 
simple query interface that allows the client application to retrieve all statements from its own dataspace that 
match a certain simple pattern. The output is in this case always a set of statements, usually just one. This 
interface will be typically used to retrieve for example user model and domain model statements. 
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The second way to retrieve statements is by subscribing to a stream of statements, which is defined by a 
pattern similar to that in the query interface. As soon as the result of the query changes, because statements 
are added or removed, the subscribing application is sent a message for each message that is added to or 
removed from the query result. A typical use case for this interface is where one client application wants to 
be informed about user events for one of its learners, which are generated by another client application. 

The third and final way to retrieve information is a browsing interface that allows the client applications to 
browse through the information in the different dataspaces, especially the schemas that summarize the 
contents of the dataspaces. The goal of this interface is to allow the course designers that work on one client 
application to investigate potentially interesting data in dataspaces of other client applications that might be 
reused and integrated into their own. 

3.5 Serialization of Grapple Statements: Examples 

Grapple statements do not prescribe a serialization format, but allow different serializations, e.g. with 
RDF/XML, XML, or N3. The following abstract example shows how a Grapple statement is serialized using 
RDF/XML. 

<?xml version="1.0"?> 
<rdf:RDF 
    xmlns="http://www.example.org/um/#" 
    xmlns:gc="http://www.grapple-project.org/grappl e-core/#" 
    xmlns:rdf="http://www.w3.org/1999/02/22-rdf-syn tax-ns#" 
    xmlns:xsd="http://www.w3.org/2001/XMLSchema#" 
    xml:base="http://www.example.org/um/“> 
 
 <gc:Statement rdf:ID=“THE-GLOBALLY-UNIQUE-ID“> 
 
  <!-- main part --> 
  <gc:user rdf:resource=“ URI of the User “/> 
  <gc:predicate rdf:resource=“ URI of the predicate “/> 
  <gc:object> The value of the predicate. </gc:object> 
  <gc:level rdf:datatype=“the datatype“> level  </gc:level> 
  <gc:origin> original piece of information  </gc:origin> 
 
  <!-- meta part --> 
  <gc:creator rdf:resource=“ URI of the creator “/> 
  <gc:created rdf:datatype=“&xsd;dateTime“>  
    YYYY-MM-DDThh:mm:ss.sTZD  
  </gc:created> 
  <gc:access> access policy (e.g. public/private)  </gc:access> 
  <gc:temporal> temporal constraints  </gc:temporal> 
  <gc:spatial> spatial constraints  </gc:spatial> 
  <gc:evidence>  
   formal evidence if statement ist he result of a rea soning process  
  </gc:evidence> 
  <gc:rating> ‚trust’ rating by the community  </gc:rating> 
 </gc:Statement> 
 
</rdf:RDF> 
 
 

A basic concrete example in RDF/XML could therewith look as follows. 

<?xml version="1.0"?> 
<rdf:RDF 
    xmlns="http://www.example.org/um/#" 
    xmlns:gc="http://www.grapple-project.org/grappl e-core/#" 
    xmlns:rdf="http://www.w3.org/1999/02/22-rdf-syn tax-ns#" 
    xmlns:xsd="http://www.w3.org/2001/XMLSchema#" 
    xml:base="http://www.example.org/um/“> 
 
 <gc:Statement rdf:ID=“example-app-mary-2009-01-15- 165252631562“> 
 
  <!-- main part --> 
  <gc:user rdf:resource=“ http://grapple-project.org/user/marry “/> 
  <gc:predicate rdf:resource=“http://xmlns.com/foaf /0.1/interest“/> 
  <gc:object rdf:datatype=“&xsd;anyURI“> 
    http://en.wikipedia.org/wiki/Semantic_Web 
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  </gc:object> 
  <gc:level rdf:datatype=“&xsd;double“> 0.82 </gc:level> 
  <gc:origin>  
  [user: mary, key: interest, value: http://en.wiki pedia.org/wiki/Semantic_Web]    
  </gc:origin> 
 
  <!-- meta part --> 
  <gc:creator rdf:resource=“ http://example.org/clientapplicationXY# “/> 
  <gc:created rdf:datatype=“&xsd;dateTime“>  
    2009-01-15T19:23:50+01:00  
  </gc:created> 
</gc:Statement> 
 
</rdf:RDF> 
 

The example above says that there is a user identified via “http://grapple-project.org/user/marry“ who is 
interested in the page http://en.wikipedia.org/wiki/Semantic_Web. The interest level is set to 0.82 and the 
entire statement was created by a client application identified via „http://example.org/clientapplicationXY“ on 
January 15th 2009. 

The following example shows two Grapple statements, an observation as well as a user profile statement 
that is deduced from the observation. The syntax is similar to N3, but rather informal and it is assumed that 
the base namespace is set to “http://www.grapple-project.org/grapple-core/#"”. 

  
Observation {  
  id:        gc:bookmarking-observation-groupme-200 9-01-13-28911083;  
  subject:   http://john.myopenid.com;  
  predicate:  nop:hasBookmarked;  
  object:     http://groupme.org/GroupMe/group/2713 ;  
  created:    2009-01-13T19:23:50+01:00;  
  creator:    http://groupme.org/EventLogger;  
} 

 
Statement {  
  id:    gc:statement-john-2009-01-13-35241790;  
  subject:    http://john.myopenid.com;  
  predicate:  foaf:interest;  
  object:     dbpedia:Web_20;  
  created:    2009-01-13T19:25:34+01:00;  
  creator:    http://grapple-project.org/UMReasoner 23;  
  evidence:  { gc:bookmarking-observation-groupme-2 009-01-13-28911083,  
                gc:tagging-observation-groupme-2009 -01-12-72437618,  
                um23:TB-Strategy  
                 -> ... }  
}  
 
The example depicts that there is a user, identified via his OpenID, who bookmarked a resource, which was 
logged by the GroupMe! event logger and reported to the Grapple User Modelling Broker on January 13th 
2009 at 19:23:50pm CET. Based on that bookmarking observation, a new statement about the user was 
deduced by a reasoning service, identified with UMReasoner23. The deduced statement says that the user 
is interested Web 2.0 by referring to the corresponding URI (dbpedia:Web_20). As indicated in the example, 
with the Grapple Core user modelling ontology we try to motivate the usage of URIs to increase the 
interoperability of user profile statements. Furthermore, we try to foster the usage of well-established domain 
ontologies like the Friend Of A Friend (FOAF) vocabulary instead of defining own ontologies.  

The observation statement listed in the previous example is a specialization of a Grapple statement 
(gc:Statement). In the next section, we will introduce the idea as well as the formal model that is behind user 
observations. 
 

4 Usage of the Grapple User Profile Format: Represe nting User 
Observations 

In this section we present our formal representation of user observations that can be made in an adaptive 
learning environment. When designing the formal representation, our goal was to develop a user observation 
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ontology, which is highly generic and extensible so that different kind of user observations, which might 
occur in application that are not known in advance, can be recorded and handled by the user modelling 
framework.   

4.1 Scenarios 

We start with the description of two scenarios that illustrate the typical usage of elearning systems and list 
the types of events that might be interesting for the system to record and therefore should be representable 
in the user observation model of the Grapple user modelling framework (GUMF). 

4.1.1 Scenario A: Interaction between students and teachers 
The use case concerns a learner who, form the comforts of her home, studies an online course. The learner 
logs into a learning system and she browses through the descriptions of the courses offered by the systems 
and subscribes to one.  The learner opens the course and browses through the material that is offered. She 
also reads the message boards and the comments left by previous learners. The learner is disappointed with 
the material and un-subscribes from the course.  The learner then opens a course that she was already 
subscribed to. There she studies some of the course material by clicking through several pages, listening to 
some podcasts, and watching a video. Since some things are not clear to her she posts a question on the 
discussion board of the course, and also sends e-mail to the educator responsible for the course. Then she 
logs out of the system.  

 

The next day she returns and continues with studying the course material. Since there was no reply from the 
educator, and the discussion board contains only “me too” reactions, she starts looking on the Web. She 
thinks she has found the answer to her question and posts this on the discussion board and mails this to the 
responsible educator. She also tries to contact several fellow students about this via instant messaging, and 
has a brief discussion with one of them, which does not clarify anything. Then she continues reading the 
material of the course. After she has finished a unit of the course she checks again the discussion board and 
sees that the educator and other students have reacted and confirmed her answer. Confidently she begins 
the on-line test for this unit, and answers the multiple-choice and open questions in it. At the end of the test 
there is also a small interactive game that she plays. When the test is finished the systems informs her that 
she has passed the multiple-choice and game parts of the test with high marks and that the result of the 
open questions will be sent to her by e-mail within two working days. She continues with the following unit of 
the course.  

 

Two days later the learner logs in again, opens the same course, and sees a message that new material and 
new assignments have become available. She also sees that the results of the open questions are available 
for her, which she was already informed about by e-mail. The comments by the educator are according to 
her too harsh, so she indicates that she does not agree with the grade and requests an on-line appointment 
with the educator. The system schedules a meeting between her and the educator three days later. During 
this meeting she convinces the educator to revise the grade for one of the questions and this is registered in 
the system. At her next login she checks this and confirms that she agrees with the new grade. 

 

When the user has finished studying all the material of the course and has passed all the intermediate tests, 
she applies for the final test. The application has to be approved by the responsible educator, and she is 
informed of this by e-mail the next day. The final test consists of an on-line part where she has to answer 
multiple-choice questions and she has to upload a paper on a subject indicated in the test. After she has 
answered the questions and is informed of the result of this part of the test, she logs out of the system. After 
four days she returns and uploads the paper she has written. The educator reviews this and after a week the 
learner is informed that she can check the final result in the system. She logs in and sees that she has 
received a very unfavourable review. She indicates that she is not agreeing with the review and requests a 
meeting with the educator. During the meeting she cannot convince the educator, and so she requests a 
new meeting together with another educator also responsible for the course. The system also schedules this 
meeting, and at that meeting her grade for the paper is increased to a level that she is happy with. The next 
day she logs again into the system and sees that this mark has now been registered, and she indicates that 
she accepts this mark. Consequently the system informs her that she has now successfully completed the 
course. 
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After completing the course the learner is given the opportunity to evaluate the course and indicate whether 
it was interesting, difficult, well explained, et cetera.  

 

Overview of user events that might be relevant (finally, the systems that do the observations decide what is 
relevant and what is not relevant):  

·  Logging in and out of the system:  These events allow deriving how long and when the learner has 
been using the system. 

·  Subscribing and unsubscribing to a course:  These events tell us who was subscribed in which 
period to which course. 

·  Clicking on links:  By registering clicks on internal and external links it can be inferred that learner 
hast started to look at some material. This might also include material outside the system or meta-
information that describes the courses or organizational information, or any other information 
relevant for the learning process such as information about fellow students. 

·  Opening a message, replying to a message, starting a thread:  It might be interesting to see how 
active students are and on what subjects. It might also be relevant for the educator to know who read 
his or her messages. In fact, the system might show remarks in the course material that refer to 
messages about the subject that the student did or did not read yet. 

·  Answering a question: The user submits an answer to an individual question. 

·  Starting and ending a test:  The learner starts to do a test, and finishes it successfully or 
unsuccessfully.   

·  Grading or refereeing submitted work by the educato r:  The educator enters the result into the 
system. This might decide whether a certain test was passed or not, from which it might be inferred 
that a learner indeed understands a certain subject well, and so is relevant for the system. 

·  Agreeing or disagreeing with a grade by the learner : This might determine whether a grade is 
final or not, and therefore whether a course has been completed. 

·  Revising a grade by the educator:  See previous event type. 

·  Uploading a paper or other files to fulfil an assig nment: Until this has happened the system 
could remind the learner of this and also show pointers to relevant internal and external material. 

·  Commenting or giving feedback on a course or parts of a course by a learner: This might 
influence how a course is presented, for example whether it is judged as very difficult by many 
students.  

4.1.2 Scenario B: context switching 
Today, users can access elearning applications from different locations via different devices. Such 
ubiquitous access to these applications leads to situations, where the learner is switching between different 
tasks, which might be related to the learner’s actual goal or not. For example, a user could read an article 
within elearning application A and then – while checking his emails in between – switch to application B to 
get additional information. The following scenario gives some detailed insights about such a setting, which 
we denote as context switch. It is based on experiences made during a workshop at Leibniz University 
Hannover about “Knowledge Management 2.0”.  

Paul is participating at an elearning course about “knowledge management 2.0”. His company wants him to 
do this course because they are planning to rebuild the company’s knowledge management infrastructure by 
means of integrating Wikis, Blogs, and other Web 2.0 tools. The course is implemented within the GLearn 
Web application, which is part of the adaptive learning environment powered by Grapple. GLearn provides 
the main material of the course as well as some tests that enable Paul to measure his performance 
regarding specific topics of the course. However, Paul is also encouraged to utilize other tools, e.g. he 
should use a Wiki to get familiar with the Wiki syntax and he should create an own blog at Wordpress.com to 
get some blogging practice. Furthermore, the course also requires reading additional articles that are 
available in the Web. 

Paul has already passed the learning unit about Blogs, has already created his own Blog, where he reports 
about his experiences during the course about knowledge management, and has now finished the first 
section about the Wiki approach and Wiki syntax. GLearn recommends him to read an article that discusses 
the benefits and drawbacks of introducing Wikis to companies. Hence, Paul clicks on the corresponding link 
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so that he is referred to the corresponding article. After reading the first page of the article Paul receives an 
email, which he has to answer immediately. He decides to bookmark the article. Therefore, his browser 
allows Paul to annotate the bookmark with freely chosen keywords (tagging). Paul adds the tags “wiki”, 
“company”, “interesting”, and “to-read” to the bookmark and switches to Outlook in order to answer the 
received email. The subject of the email is “When can you give the talk about Web 2.0?” and the sender of 
the email is Paul’s boss Marry, who is asking when Paul could give a presentation about Web 2.0 and first 
insights Paul got from the “knowledge management 2.0” course. After Paul had answered the email he does 
not continue reading the article but continues the next section about Wikis I the GLearn application in order 
to get prepared for his talk.  

The scenario illustrates many things, which are valuable to observe by a user modelling component, e.g.: 

·  Clicks:  By clicking on the link that refers to the Wiki article Paul expresses his interest for the article. 
GLearn is not able to capture if Paul really reads the article. Hence, the information whether Paul 
clicked on the article or not is quite important for GLearn.  

·  Bookmarking:  Paul bookmarked the article (possibly) because he wants to read the article in the 
future. The information about bookmarking the article is, in the given scenario, even more valuable as 
it shows that Paul is really interested in the article, which is made even clearer by the tags he assigns 
to the bookmark. 

·  Tagging:  Paul utilized the tags “wiki”, “company”, “interesting”, and “to-read” to describe the 
bookmarked article. By observing the clicking and bookmarking activity along with the assigned tags, 
Paul’s interest gets more and more precise. Here, it is important to know when Paul performed all 
these actions, e.g. if Paul bookmarked the article directly after clicking on the link (for the first time) 
then the probability is high that he didn’t read the article. If he also assigned the tags immediately 
after clicking on the link then we can assume that the tags he assigned are quite broad or describe 
rather his expectations (“interesting”) or plans (“to-read”) regarding the article.  

·  Receiving an email:  Although Paul is not the actor of this event, but rather the sender of the email 
and – more precisely – Paul’s email application, it can be valuable to notice to realize when and from 
whom Paul received an email with some specific subject.  

·  Switching to Outlook and selecting the email:  The time between receiving and selecting (and 
therewith possibly reading) an email allows to estimate how important or urgent the email is with 
respect to the activity the user performed when receiving the email (we assume that the user also 
takes notice of the email in the same moment).   In the scenario, Paul immediately switches to his 
email application (Outlook) and selects the received email. Hence, reading the article is not as 
important as reading the email. 

·  Sending an email:  Paul not only reads the email at the time of receiving, but also answers the email 
instantly. Thereby, Paul’s priorities concerning the email with respect to the article get clearer. It is 
more important for Paul to answer an email, which is entitled “When can you give the talk about Web 
2.0?” than reading the article, which he described with the terms “wiki”, “company”, “interesting”, and 
“to-read”. 

·  Switching back to GLearn:  It is important to notice that Paul does not return to the article but to the 
GLearn application instead. The activity of answering the email can thus not be interpreted as a short 
interruption of reading the article. The email rather triggered Paul to stop reading and start something 
else.   

4.2 Formal representation of (user) observations 

In this section we first present the model for (user) observations. Afterwards, we present a formal 
representation for that model, i.e. we show how instances of that model can be represented formally. The 
model as well as the corresponding format is not only restricted to user observation, but also applicable to 
other observations.  

4.2.1 Observation Model 
The scenarios in the previous section indicate that there is a multiplicity of valuable observations one could 
make in an elearning setting. Some of the observations can be made directly within the elearning 
applications  whereas others have to be made in external applications like the email client or internet 
browser. Furthermore, the type of events that are worthwhile to observe vary and therewith, e.g. the actor of 
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an event. The actor can be the learner, who is modelled by the user modelling framework, an application, 
which produces some notifications, or another user, who interacts with the learner.  

We cannot foresee all kind of observations that could be valuable for user modelling and thus our model for 
the representation of user observations has to be highly generic. The general structure of an observation can 
be phrased as follows. 

ID of observation – Reporter, time of reporting: Wh o – did what – when – on something. 

Hence, the main components of an observation are: 

·  ID of observation : Each (user) observation is unambiguously identified via an ID. 

·  reporter : The reporter models the instance that is reporting the observation to the user modelling 
framework, i.e. to the database of observations. 

·  time of reporting:  The timestamp that identifies the point in time, when an observation was reported 
to the user modelling framework, i.e. to the database of observations. 

·  who:  Models the actor of an activity that is observed. This can be a user, who did something, or an 
application, which did something.  

·  did what:  Models the kind of observation that is made, i.e. the type of event that is caused by the 
actor (who) or the activity performed by the actor. 

·  when:  Models the point in time when the observation was made. We define the notion of event as an 
atomic observation that is made at a specific point in time, so It cannot be a period of time. It follows 
from this definition that a certain event is observed only once11. Of course, if necessary it is possible to 
model an observation over a longer period of time by two events that represent the start and the end 
of the observation. 

·  on something:  Models the resource that is targeted by the activity/event. It can be a Website that is 
accessed, bookmarked, or tagged or it can be a message that was sent/received. 

In our general model of observations we differentiate between components that are maintained by the 
instance, to which an observation is reported, and components that are in the responsibility of the reporter, 
i.e. the instance that is reporting the observation. The ID of the observation, the reporter and the time of 
reporting are maintained by the GUMF. Every observation that is reported to the GUMF will therewith be 
equipped with that information. The other concepts are in the responsibility of the reporter. Here, only the 
concept “did what” is mandatory, which means that an observation contains at least a description of what 
kind of thing happened and who reported it at what point in time. For example, the activity of clicking 
something would then be modelled as “(id, reporter, time of reporting, clicked)”, which could – in the context 
of other observations – be a valuable piece of information, e.g. the amount of such observations reported by 
the same applications could give some insights about its popularity. Together with knowledge about the 
users, who are active in that application, the GUMF could deduce which users are participating in 
popular/unpopular applications. It is not mandatory to specify, who the actor of an event that was observed 
is, because there might be situations, in which it is not possible or not desired to determine the actor (e.g. a 
user explicitly requests to act anonymously). A click observation described in more detail would be modelled 
as “(id, reporter, time of reporting, user, clicked, resource, time)”, where user identifies the person, who 
clicked on a resource at a certain time.  

The proposed observation model is, of course, also applicable to observations, which are more complex. For 
example, the observation of “agreeing with a grade by the learner” can be modelled with “(id, reporter, time 
of reporting, student, agreed-on, id-of-statement, time)”, where “id-of-statement” refers to a Grapple 
statement like “Teacher X evaluated the performance of student in the course Y with a grade/level of Z”. 

The basic model of observations is extensible with respect to different dimensions: (1) The items of the 
observation (i.e. reporter, who, on something, etc.) can be described in more detail and (2) the observation 
object as a whole (i.e. the tuple “(reporter, time of reporting, who, did what, when, on something)”) can be 
extended with additional attributes. 

The components “reporter”, “who”, “did what”, and “on something” as well as the observation itself are 
identified by an unique ID or URI in the same way identifiable components of the Grapple statement are 
identified. Attributes like label, description, etc. can describe the concepts in more detail. The resource, 
which is referred by “on something”, e.g., could be further described by attributes like media type, creator, 

                                                      
11 Note that this might contradict today’s findings in physics. 
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and other concepts, which are defined in the Dublin Core Metadata terminology (see Section 2.3.1). The 
observation tuple itself can be extended with attributes like geographical location or a description of the client 
on which the observation was made.  

In general, it is up to the applications to define and agree upon additional attributes that extend the basic 
model of user observations. The semantics of the components of the basic user observation model are 
defined as listed above and are interpretable by the user modelling framework. As the GUMF is extensible 
there might be user profile reasoners that are able to interpret extensions of the basic model for deducing 
user profile statements. 

4.2.2 Formal representation of observations 
The formal representation – i.e. the format – of (user) observations is based on the Grapple statement format 
presented in Section 3.  

The formal representation of an observation, which describes the observation model presented in the 
previous section, is defined by the constructs presented in Table 2. These constructs are defined using 
RDF(S) terminology while assuming that a similar description in this formalism is given for Grapple 
statements. The observations are modelled by the class gc:Observation which is a specialization of the class 
gc:Statement that models all Grapple statements. The basic components are described as properties of 
instances of that class. For this we re-use or  specialise the properties of Grapple statements as presented in 
Section 3. Hence, the characteristics of the constructs known from the Grapple statement are not modified, 
e.g. the range of the properties gc:ID, gc:creator, etc. are the same as defined in Section 3. Note that the 
constructs in Table 2 only describe the basic model of user observations, and we therefore explicitly allow for 
extra properties to be attached to instances of gc:Observation. 

Construct  represents  type  range  descr iption  

gc:Observation The entire 
observation. 

Class n.a. 

A gc:Observation is a specialization of a 
Grapple statement (gc:Statement). 
Mandatory basic properties: gc:ID, 
gc:creator, gc:created, gc:event 
Optional basic properties: gc:subject, 
gc:when, gc:event, gc:object 

gc:ID ID of 
observation 

Property 
(as in 
gc:Statement) cf. gc:ID of Grapple statements 

gc:creator reporter Property (as in 
gc:Statement) 

The reporter of the event is put into the 
gc:creator property. 

gc:created time of 
reporting 

Property (as in 
gc:Statement) The time the event was reported. 

gc:subject who Property (as in 
gc:Statement) 

In general, the component “who” is 
represented by the gc:subject construct. If 
the actor of an observation can be 
characterized more precisely, then 
specializations of gc:subject can be used, 
e.g. if a user is the actor of an observation 
then gc:user can be applied. 

gc:when when Property (as for 
gc:created) The time the event was observed. 

gc:event did what Property 

(as for 
gc:predicate 
in 
gc:Statement) 

The “did what” component is represented 
by gc:event, which is a specialization of 
gc:predicate. 

gc:object on something Property 
(as in 
gc:Statement) cf. gc:object of Grapple statements 

Table 2 - Constructs for the formal representation of (user) observations. 
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5 Summary, Discussion and Future Work  

In this deliverable we presented the Grapple User Profile Format. In essence, the format comprises the 
following. Each individual piece of knowledge on the user (characteristics, preferences, interaction history, 
etc. is stored in a Grapple Statement. The Grapple Statement consists of a main part and a meta part; the 
metadata in the latter part allows for checking the origins of the statement, including the derivation rules 
applied. The Grapple Core ontology can be extended by each individual application, by creating its own 
dataspace. 

The User Profile Format has been developed hand-in-hand with the Grapple User Modelling Framework, 
which is described in D6.1a. In Deliverable 6.1a the intended usage of the user profile format is described in 
more detail; in this deliverable we mainly focused on the data format, taking the requirements of the 
framework into account. In return, during the design of the user profile format, some aspects of the GUMF 
functionality have been elaborated as well. These aspects will be taken into account during the 
implementation of the framework in WP6.  

The main users of the Grapple User Modelling Framework consist of system administrators and 
programmers. These might be owners of smaller systems that aim to boost their personalization 
mechanisms with more external data and reasoning mechanisms, or that aim to cooperate for a more 
continuous user experience. Alternatively, owners of larger systems - such as search engines - might provide 
their usage data and reasoning mechanisms for reasons of altruism or self-exposure. A well-designed user 
interaction scheme and user interface is crucial for attracting a critical mass of users. 

Maintenance tasks include the management of the system's own user data, ontologies and reasoning 
mechanisms, as well as those imported from other client systems. For the owned items, the activation status, 
sharing options and functional descriptions can be edited. For items from other systems it is important to 
regularly check the systems' status, possible changes and the coverage of users. A further important task is 
checking whether the assumptions on which the extended user model is based, still hold. Apart from manual 
query mechanisms, a test suite, which compares several conditions on a fixed data set is desirable. 

Enhancement tasks include the finding of additional user data, ontologies and reasoning mechanisms. Even 
though this will not be done on a regular basis, it plays a critical role in the initial configuration and ensures 
sustainability. Apart from the core ontology, universal reasoners and loggers that will be part of the main 
distribution of the User Modelling framework, extensions or alternative solutions can be provided by each 
other partner. These can be found via common Web-based search and browse interfaces. In order to 
estimate the value of these extensions, collaborative mechanisms (ratings, comments, discussions) enhance 
the information given by the providers themselves. 

 
 

References 

1. Abel, F., Baumgartner, R., Brooks, A., Enzi, C., Gottlob, G., Henze, N., Herzog, M., Kriesell, M., 
Nejdl, W., and Tomaschewski, K.: The Personal Publication Reader. Int. Semantic Web Challenge 
2005. In 4th Int. Semantic Web Conference, Galway, Ireland (2005)  

2. Abel, F., De Coi, J. L., Henze, N., Koesling, A. W., Krause, D., and Olmedilla, D.: Enabling advanced 
and context-dependent Access Control in RDF stores. In Proceedings of 6th International Semantic 
Web Conference, Busan, Korea (2007) 1–14 

3. Abel F., Henze, N., Krause, D., and Plappert, D.: User Modelling and User Profile Exchange for 
Semantic Web Applications. In Proc. of the 16th Workshop on Adaptivity and User Modelling in 
Interactive Systems, Wuerzburg, Germany (2008) 

4. Aroyo, L., Dolog, P. Houben, G.J., Kravcik, M., Naeve, A., Nilsson, M and Wild, F. Interoperability in 
Pesonalized Adaptive Learning. J. Educational Technology & Society 9 (2), 4-18 (2006) 

5. Berners-Lee, T.: Linked Data: Design Issues. July 2007. Available at: 
http://www.w3.org/DesignIssues/LinkedData.html  

6. Berners-Lee, T., Fielding, R., and Masinter, L.: RFC 3986 – Uniform Resource Identifier (URI): 
Generic Syntax. The Internet Engineering Task Force (IETF), Network Working Group, January 
2005. Available at: http://www.ietf.org/rfc/rfc3986.txt 



 D2.1 - Definition of an appropriate User profile format  (v1.0), 04-03-2009 

Definition of an appropriate User profile format Page 40 (46) 

7. Brickley, D., and Guha, R.V.: RDF Vocabulary Description Language 1.0: RDF Schema. W3C 
Recommendation, February 2004. Available at: http://www.w3.org/TR/rdf-schema/ 

8. Brickley, D., and Miller, L.: FOAF Vocabulary Specification 0.91 – OpenID Edition. FOAF project, 
November 2007. Available at: http://xmlns.com/foaf/spec/ 

9. Broeskstra, J., and Kampman, A.: SeRQL: A Second Generation RDF Query Language. SWAD-
Europe Workshop on Semantic Web Storage and Retrieval, Vrije Universiteit, Amsterdam, 
Netherlands (2003). 

10. Brusilovsky, P. Adaptive Hypermedia. J. User Modelling and User-Adapted Interaction 11, 87-110 
(2001) 

11. Brusilovsky, P. and Millán, E. User Models for Adaptive Hypermedia and Adaptive Educational 
Systems. In: The Adaptive Web (Eds: Brusilovsky, Kobsa, Nejdl), Springer Verlag, ISBN 3-540-
72078-2 3-53 (2007) 

12. Cox, S., Powell, A., Wilson, A.: DCMI Period Encoding Scheme: specification of the limits of a time 
interval, and methods for encoding this in a text string. DCMI Recommendation, Dublin Core 
Metadata Initiative, April 2008. Available at: http://dublincore.org/documents/dcmi-period/  

13. DCMI Usage Board: DCMI Metadata Terms. DCMI Recommendation, Dublin Core Metadata 
Initiative, January 2008. Available at: http://dublincore.org/documents/2008/01/14/dcmi-terms/ 

14. Devedzic, V., Jovanovic, J. and Gas, D. The Pragmatics of Current E-Learning Standards. IEEE 
Internet Computing 11 (3), 2007, pp.19-27 

15. Dolog, P. and Nejdl., W. Challenges and Benefits of the Semantic Web for User Modelling.  
Proceedings of Adaptive Hypermedia 2003, 2003 

16. Frias-Martinez, E., Magoulas, G., Chen, S., Macredie, R.: Modelling human behaviour in user-
adaptive systems: Recent advances using soft computing techniques. Expert Systems with 
Applications 29 (2005)  

17. Gruber, T.R. A translation approach to portable ontologies. Knowledge Acquisition, 5(2), p.199-220, 
1993. 

18. Hayes, P.: RDF Semantics. W3C Recommendation, February 2004. Available at: 
http://www.w3.org/TR/rdf-mt/ 

19. Heckmann, D., Schwartz, T., Brandherm, B., Schmitz, M., and von Wilamowitz-Moellendorff, M.: 
GUMO – The  General User Model Ontology. In Proceedings of the 10th International Conference on 
User Modelling, Edinburgh, UK, LNAI 3538: Springer, Berlin Heidelberg (2005) 428–432 

20. Heckmann, D., Ubiquitous User Modelling, Akademische Verlagsgesellschaft Aka GmbH, Berlin, 
ISBN 3-89838-297-4 and ISBN 1-58603-608-4, 2006. 

21. Henze, N.: Personal Readers: Personalized Learning Object Readers for the Semantic Web. In 
Proc. of 12th International Conference on Artificial Intelligence in Education, Amsterdam, 
Netherlands (2005). 

22. Henze, N., Krause, D.: Personalized access to Web Services in the Semantic Web. In SWUI 2006 - 
3rd International Semantic Web User Interaction Workshop, Athens, Georgia, USA, (2006) 

23. Henze, N., Krause, D.: User pro�ling and privac y protection for a Web Service oriented Semantic 
Web. In K.- D. Althoff and M. Schaaf, editors, LWA, volume 1/2006 of Hildesheimer Informatik-
Berichte, Hildesheim, Germany (2006) 42–46 

24. Herder, E. Forward, Back and Home Again - Analyzing User Navigation on the Web. Ph.D. Thesis, 
University of Twente. ISBN 907383873-8. (2006) 

25. Jameson, A. Modelling both the context and the user. Personal Technologies, 5(1):29–33 (2001) 

26. Kay, J. The UM toolkit for reusable, long term user models. User Modelling and User-Adapted 
Interaction, 4(3), p.149-196, 1995 

27. Korth, A., Plumbaum, T.: A framework for ubiquitous user modelling. In: Proc. Information Reuse and 
Integration 2007. (2007) 

28. Kobsa, A., Koenemann, J., Pohl, W.: Personalized hypermedia presentation techniques for 
improving customer relationships. The Knowledge Engineering Review 16 (2) (2001)  



 D2.1 - Definition of an appropriate User profile format  (v1.0), 04-03-2009 

Definition of an appropriate User profile format Page 41 (46) 

29. Kobsa, A. Generic user modelling systems. User Modelling and User-Adapted Interaction Journal, 
11(1-2):49–63., 2001. 

30. McGuinness, D.L., and van Harmelen, F.: OWL Web Ontology Language Overview. W3C 
Recommendation, February 2004. Available at: http://www.w3.org/TR/owl-features/  

31. Moreau, L., Groth, P., Miles, S., Vazques-Salceda, J., Ibbotson, J., Jiang, S., Munroe, S., Rana, O., 
Schreiber, A., Tan, V., Varga, L.: The provenance of electronic data. Communications of the ACM 51 
(4) (2008) 

32. Paramythis, A. and Loidl-Reisinger, S. Adaptive Learning Environments and e-Learning Standards. 
Electronic Journal on e-Learning Volume 2 Issue 1 (February 2004) 181-194 

33. Prud'hommeaux, E., and Seaborne, A.: SPARQL Query Language for RDF. W3C Recommendation 
January 2008. Available at: http://www.w3.org/TR/rdf-sparql-query/ 

34. Recordon, D., and Fitzpatrick, B.: OpenID Authentication 1.1. May 2006. Available at: 
http://openid.net/specs/openid-authentication-1_1.html  

35. Stewart, C., Celik, I., Cristea, A. and Ashman, H. Interoperability between AEH User Models. Proc. 
APS 2006. (2006) 

36. Wolf, M., Wicksteed, C.: Date and Time Formats. W3C Note. Available at: 
http://www.w3.org/TR/NOTE-datetime 



 D2.1 - Definition of an appropriate User profile format  (v1.0), 04-03-2009 

Definition of an appropriate User profile format Page 42 (46) 

Appendix: Grapple Core User Modelling Ontology in R DF/XML 

<?xml version="1.0"?> 
<rdf:RDF 
    xmlns:dc="http://purl.org/dc/terms/#" 
    xmlns="http://www.grapple-project.org/grapple-c ore/#" 
    xmlns:gc="http://www.grapple-project.org/grappl e-core/#" 
    xmlns:rdf="http://www.w3.org/1999/02/22-rdf-syn tax-ns#" 
    xmlns:xsd="http://www.w3.org/2001/XMLSchema#" 
    xmlns:rdfs="http://www.w3.org/2000/01/rdf-schem a#" 
    xmlns:owl="http://www.w3.org/2002/07/owl#" 
    xmlns:vs="http://www.w3.org/2003/06/sw-vocab-st atus/ns#" 
  xml:base="http://www.grapple-project.org/grapple- core/"> 
  <owl:Ontology rdf:about=""> 
    <owl:versionInfo    rdf:datatype="http://www.w3 .org/2001/XMLSchema#string">0.1</owl:versionInfo> 
    <rdfs:label xml:lang="en">Grapple User Modellin g Ontology</rdfs:label> 
    <rdfs:comment xml:lang="en">This ontology defin es the basic concepts for user modelling in 
Grapple environments.  
    The most important concept is 'Statement', whic h defines a single statement within a user 
profile.</rdfs:comment> 
    <owl:imports rdf:resource="http://purl.org/dc/t erms/"/> 
    <dc:creator>Grapple WP2 and WP6</dc:creator> 
 <dc:language>English</dc:language> 
 <dc:issued>2008-11-28</dc:issued> 
 <dc:modified>2009-02-12</dc:modified> 
 <dc:relation rdf:resource="http://purl.org/dc/elem ents/1.1/"/> 
  </owl:Ontology> 
   
   
  <!-- 1. CLASSES --> 
   
  <!-- 1.1 BASIC CLASSES --> 
   
  <!-- Grapple Statement --> 
  <owl:Class rdf:ID="Statement"> 
    <rdfs:label rdf:datatype="http://www.w3.org/200 1/XMLSchema#string"> 

Grapple Statement 
    </rdfs:label> 
    <rdfs:comment xml:lang="en">A Grapple Statement  models a single statement within the user 
profile. A Grapple Statement is a  
      subclass of rdf:Statement, which means that i t inherits the properties rdf:subject, 
rdf:predicate, and rdf:object. For a Grapple Statem ent, rdf:subject  
      usually refers to the user, about whom the st atement is (e.g. http://www.grapple-
project.org/user/paul). rdf:predicate refers to a p roperty within the  
      domain ontology (e.g.foaf:name), and rdf:obje ct refers to the actual value (e.g. Paul De Bra) 
    </rdfs:comment> 
    <rdfs:subClassOf rdf:resource="http://www.w3.or g/1999/02/22-rdf-syntax-ns#Statement"/> 
    <rdfs:subClassOf rdf:resource="http://www.w3.or g/2002/07/owl#Thing"/> 
  </owl:Class> 
   
  <!-- Observation --> 
  <owl:Class rdf:ID="Observation"> 
    <rdfs:label rdf:datatype="http://www.w3.org/200 1/XMLSchema#string">Grapple Observation 
Statement</rdfs:label> 
    <rdfs:comment xml:lang="en"> 
      The general structure of an observation can b e phrased as follows:  
      ID of observation – Reporter, time of reporti ng: Who - did what - when - on something. 
       
      A gc:Observation is a specialization of a Gra pple statement (gc:Statement). 
      Mandatory basic properties: gc:ID, gc:creator , gc:created, gc:event 
      Optional basic properties: gc:subject, gc:whe n, gc:event, gc:object.  
    </rdfs:comment> 
    <rdfs:subClassOf rdf:resource="#Statement"/> 
  </owl:Class> 
   
   
   
  <!-- 2. PROPERTIES --> 
   
  <!-- 2.1 MAIN PART TERMS --> 
   
  <!-- 2.1.1 BASIC TERMS OF THE MAIN PART --> 
   
  <!-- gc:subject --> 
  <rdf:Property rdf:ID="subject"> 
    <rdfs:label rdf:datatype="http://www.w3.org/200 1/XMLSchema#string">subject</rdfs:label> 
    <rdfs:comment xml:lang="en">The subject (user) about what (whom) the statement is 
made.</rdfs:comment> 
    <rdfs:subClassOf rdf:resource="http://www.w3.or g/1999/02/22-rdf-syntax-ns#subject"/> 
    <rdfs:range rdf:resource="http://www.w3.org/200 0/01/rdf-schema#Resource"/> 
   <rdfs:domain rdf:resource="#Statement"/> 
  </rdf:Property> 
  <owl:Class rdf:about="#Statement"> 
    <rdfs:comment xml:lang="en">Each Grapple Statem ent can have only one 
subject/user.</rdfs:comment> 
    <rdfs:subClassOf> 
      <owl:Restriction> 
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        <owl:cardinality rdf:datatype="http://www.w 3.org/2001/XMLSchema#int">1</owl:cardinality> 
        <owl:onProperty rdf:resource="#subject"/> 
      </owl:Restriction> 
    </rdfs:subClassOf> 
  </owl:Class> 
   
  <!-- gc:user --> 
  <rdf:Property rdf:ID="user"> 
    <rdfs:label rdf:datatype="http://www.w3.org/200 1/XMLSchema#string">user</rdfs:label> 
    <rdfs:comment xml:lang="en">If one wants to sta te explicitly that a statement is about a user 
then the property gc:user should be used.</rdfs:com ment> 
    <rdfs:subClassOf rdf:resource="#subject"/> <!--  Hence, also gc:user can only be applied once to 
each Statement. --> 
    <rdfs:range rdf:resource="http://www.w3.org/200 0/01/rdf-schema#Resource"/> 
   <rdfs:domain rdf:resource="#Statement"/> 
  </rdf:Property> 
   
  <!-- gc:predicate --> 
  <rdf:Property rdf:ID="predicate"> 
    <rdfs:label rdf:datatype="http://www.w3.org/200 1/XMLSchema#string">predicate</rdfs:label> 
    <rdfs:comment xml:lang="en">The predicate of th e Grapple statement. Usually this should refer to 
an rdf:Property, i.e. to a property that is defined  in another (domain) ontology.</rdfs:comment> 
    <rdfs:subClassOf rdf:resource="http://www.w3.or g/1999/02/22-rdf-syntax-ns#predicate"/> 
    <rdfs:range rdf:resource="http://www.w3.org/200 0/01/rdf-schema#Resource"/> 
   <rdfs:domain rdf:resource="#Statement"/> 
  </rdf:Property> 
  <owl:Class rdf:about="#Statement"> 
    <rdfs:comment xml:lang="en">Each Grapple Statem ent can have only one predicate.</rdfs:comment> 
    <rdfs:subClassOf> 
      <owl:Restriction> 
        <owl:cardinality rdf:datatype="http://www.w 3.org/2001/XMLSchema#int">1</owl:cardinality> 
        <owl:onProperty rdf:resource="#predicate"/>  
      </owl:Restriction> 
    </rdfs:subClassOf> 
  </owl:Class> 
   
  <!-- gc:object --> 
  <rdf:Property rdf:ID="object"> 
    <rdfs:label rdf:datatype="http://www.w3.org/200 1/XMLSchema#string">object</rdfs:label> 
    <rdfs:comment xml:lang="en">The object of the G rapple statement. This can be a literal value 
such as "Peter", "+49511123456", etc. or an URI suc h as "http://example.org/users.rdf#peter". 
Basically it can be anything.</rdfs:comment> 
    <rdfs:subClassOf rdf:resource="http://www.w3.or g/1999/02/22-rdf-syntax-ns#object"/> 
    <rdfs:range rdf:resource="http://www.w3.org/200 0/01/rdf-schema#Resource"/> 
   <rdfs:domain rdf:resource="#Statement"/> 
  </rdf:Property> 
  <owl:Class rdf:about="#Statement"> 
    <rdfs:comment xml:lang="en">Each Grapple Statem ent can have only one object.</rdfs:comment> 
    <rdfs:subClassOf> 
      <owl:Restriction> 
        <owl:cardinality rdf:datatype="http://www.w 3.org/2001/XMLSchema#int">1</owl:cardinality> 
        <owl:onProperty rdf:resource="#object"/> 
      </owl:Restriction> 
    </rdfs:subClassOf> 
  </owl:Class> 
 
 
  <!-- 2.1.2 ADVANCED TERMS OF THE MAIN PART --> 
   
  <!-- gc:level --> 
  <owl:DatatypeProperty rdf:about="level"> 
    <rdfs:label rdf:datatype="http://www.w3.org/200 1/XMLSchema#string">level</rdfs:label> 
    <rdfs:comment xml:lang="en">This property can b e used to further qualify the value of the 
object. It can, for example, be a double value  
    between 0.0 and 1.0 that describes the level of  the user's competences/interests/etc. or it can 
be a textual  
    description that further describes the object, e.g. "expert", "beginner", "rather", "extremly", 
etc.  
    As there are different approaches to qualify th e value of the object, the range of gc:level is 
not restricted. It is recommended to  
    use typed literals (http://www.w3.org/TR/rdf-co ncepts/#dfn-typed-literal).  
    In the future, the Grapple user modelling ontol ogy will be extended with specializations 
(subproperties) of gc:level that explicitly 
    prescribe a certain range (semantically as well  as syntactically).  
    </rdfs:comment> 
    <rdfs:range rdf:resource="http://www.w3.org/200 1/XMLSchema#dateTime"/> 
   <rdfs:domain rdf:resource="#Statement"/> 
  </owl:DatatypeProperty> 
  <owl:Class rdf:about="#Statement"> 
    <rdfs:comment xml:lang="en">Each Grapple Statem ent can have one level attribute at 
maximum.</rdfs:comment> 
    <rdfs:subClassOf> 
      <owl:Restriction> 
        <owl:maxCardinality 
rdf:datatype="http://www.w3.org/2001/XMLSchema#int" >1</owl:maxCardinality> 
        <owl:onProperty rdf:resource="#level"/> 
      </owl:Restriction> 
    </rdfs:subClassOf> 
  </owl:Class> 
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  <!-- gc:origin --> 
  <rdf:Property rdf:ID="origin"> 
    <rdfs:label rdf:datatype="http://www.w3.org/200 1/XMLSchema#string">origin</rdfs:label> 
    <rdfs:comment xml:lang="en">The value of the or igin property contains the statement in its 
original form as it is modeled/formated in the appl ication that produced the Grapple statement. The 
range of origin is therfor deliberately unspecified . However, we recommend the usage of typed 
literals (http://www.w3.org/TR/rdf-concepts/#dfn-ty ped-literal).</rdfs:comment> 
   <rdfs:domain rdf:resource="#Statement"/> 
  </rdf:Property> 
   
   
   
  <!-- 2.2 META PART --> 
   
  <!-- 2.2.1 BASIC TERMS OF THE MAIN PART --> 
   
  <!-- gc:created --> 
  <owl:DatatypeProperty rdf:about="created"> 
    <rdfs:label rdf:datatype="http://www.w3.org/200 1/XMLSchema#string">created</rdfs:label> 
    <rdfs:comment xml:lang="en">For a Grapple State ment the property 'created' defines the point in 
time when the statement was created (for the first time).</rdfs:comment> 
    <rdfs:subClassOf rdf:resource="http://purl.org/ dc/terms/created"/> 
    <rdfs:range rdf:resource="http://www.w3.org/200 1/XMLSchema#dateTime"/> 
   <rdfs:domain rdf:resource="#Statement"/> 
  </owl:DatatypeProperty> 
  <owl:Class rdf:about="#Statement"> 
    <rdfs:comment xml:lang="en">Each Grapple Statem ent has exactly one value for the property 
'created'.</rdfs:comment> 
    <rdfs:subClassOf> 
      <owl:Restriction> 
        <owl:cardinality rdf:datatype="http://www.w 3.org/2001/XMLSchema#int">1</owl:cardinality> 
        <owl:onProperty rdf:resource="#created"/> 
      </owl:Restriction> 
    </rdfs:subClassOf> 
  </owl:Class> 
   
  <!-- gc:creator --> 
  <rdf:Description rdf:about="creator"> 
   <rdfs:comment xml:lang="en">The creator property  specifies the creator of a Grapple 
Statement. In the advanced version, Statements can be rated by users. A single Rating also has a 
property 'creator'.</rdfs:comment> 
   <rdfs:subClassOf rdf:resource="http://purl.org/d c/terms/creator"/> 
    <rdfs:range rdf:resource="http://www.w3.org/200 1/XMLSchema#created"/> 
    <rdfs:domain rdf:resource="#Statement"/> 
  </rdf:Description> 
  <owl:Class rdf:about="#Statement"> 
    <rdfs:comment xml:lang="en">Each Grapple Statem ent has at least one creator.</rdfs:comment> 
    <rdfs:subClassOf> 
      <owl:Restriction> 
        <owl:minCardinality 
rdf:datatype="http://www.w3.org/2001/XMLSchema#int" >1</owl:minCardinality> 
        <owl:onProperty rdf:resource="http://purl.o rg/dc/terms/created"/> 
      </owl:Restriction> 
    </rdfs:subClassOf> 
  </owl:Class> 
   
   
   
  <!-- 2.2.2 ADVANCED TERMS OF THE MAIN PART --> 
   
  <!-- gc:access --> 
  <rdf:Property rdf:ID="access"> 
    <rdfs:label rdf:datatype="http://www.w3.org/200 1/XMLSchema#string">access</rdfs:label> 
    <rdfs:comment xml:lang="en">This property allow s for access control. The Grapple User Modelling 
Framework will provide different  
    access control mechanisms ranging from simple a pproaches that simply differentiate between 
"public" and "private" (or other  
    access control classes) to more advanced approa ches that allow for the specification of sets of 
entities that are allowed to access 
    the statement or that allow for the specificati on of access control rules. 
    Hence, the range of gc:access is not specified,  but is specified in subproperties, which refer 
to a concrete access control mechanism. 
    </rdfs:comment> 
   <rdfs:domain rdf:resource="#Statement"/> 
  </rdf:Property> 
   
  <!-- gc:spatial --> 
  <rdf:Description rdf:about="spatial"> 
    <rdfs:domain rdf:resource="#Statement"/> 
    <rdfs:range rdf:resource="http://purl.org/dc/te rms/Location"/> 
    <rdfs:subClassOf rdf:resource="http://purl.org/ dc/terms/spatial"/> 
    <rdfs:label xml:lang="en">Spatial Coverage</rdf s:label> 
    <rdfs:comment xml:lang="en">Defines where the s tatement is applicable, i.e. defines the spatial 
coverage of the Grapple Statement (spatial is a sub property of dcterms:coverage).</rdfs:comment> 
  </rdf:Description> 
   
  <!-- gc:temporal --> 
  <rdf:Description rdf:about="temporal"> 
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    <rdfs:domain rdf:resource="#Statement"/> 
    <rdfs:range rdf:resource="http://purl.org/dc/te rms/PeriodOfTime"/> 
    <rdfs:subClassOf rdf:resource="http://purl.org/ dc/terms/temporal"/> 
    <rdfs:label xml:lang="en">Temporal Coverage</rd fs:label> 
    <rdfs:comment xml:lang="en">Defines when the st atement is applicable, i.e. defines the temporal 
coverage of the Grapple Statement (temporal is a su bproperty of dcterms:coverage).</rdfs:comment> 
  </rdf:Description> 
   
   
   <!-- gc:evidence --> 
  <owl:DatatypeProperty rdf:ID="evidence"> 
    <rdfs:label xml:lang="en">evidence</rdfs:label>  
    <rdfs:domain rdf:resource="#Statement"/> 
    <rdfs:comment xml:lang="en">Refers to or direct ly embodies a formal evidence for the Statement. 
</rdfs:comment> 
    <vs:term_status>unstable</vs:term_status> 
  </owl:DatatypeProperty> 
   
   
  <!--  gc:rating --> 
  <rdf:Property rdf:id="rating"> 
    <rdfs:comment xml:lang="en">Each Statement can be rated by (a group of) user(s). This property 
refers to a Rating performed by a single user. To c ompute the average rating for a Statement all 
Ratings, which are associated to the given Statemen t, have to be considered.</rdfs:comment> 
    <rdfs:domain rdf:resource="#Statement"/> 
    <rdfs:label xml:lang="en">rating</rdfs:label> 
    <vs:term_status>unstable</vs:term_status> 
  </rdf:Property> 
   
   
   
   
  <!-- APPENDIX [EXPERIMENTAL CLASSES/TERMS] --> 
  
  <!-- A.1 Experimental CLASSES --> 
   
  <!-- Rating --> 
  <owl:Class rdf:ID="Rating"> 
    <rdfs:label rdf:datatype="http://www.w3.org/200 1/XMLSchema#string">Rating</rdfs:label> 
    <rdfs:comment xml:lang="en">Instances of this c lass represent ratings done by a single 
user.</rdfs:comment> 
    <vs:term_status>testing</vs:term_status> 
  </owl:Class> 
   
  <!-- Provenance --> 
  <rdfs:Class rdf:ID="Provenance"> 
    <rdfs:label rdf:datatype="http://www.w3.org/200 1/XMLSchema#string">Provenance of Grapple 
Statement</rdfs:label> 
    <rdfs:comment xml:lang="en">Grapple's Provenanc e class is a subclass of 
dcterms:ProvenanceStatement. Instances of this clas s describe the provenance of a Grapple 
statement.</rdfs:comment> 
    <rdfs:subClassOf rdf:resource="http://purl.org/ dc/terms/ProvenanceStatement"/> 
    <vs:term_status>testing</vs:term_status> 
  </rdfs:Class>   
   
   
  <!-- A.2 Experimental PROPERTIES --> 
   
    <!-- accessPolicy --> 
  <rdf:Description rdf:ID="accessPolicy"> 
    <rdfs:range rdf:resource="http://www.w3.org/200 1/XMLSchema#anyURI"/> 
    <rdf:type rdf:resource="http://www.w3.org/2002/ 07/owl#DatatypeProperty"/> 
    <rdfs:domain rdf:resource="#Statement"/> 
    <rdfs:label xml:lang="en">access policy</rdfs:l abel> 
    <vs:term_status>testing</vs:term_status> 
    <rdfs:comment xml:lang="en">For a Grapple State ment there can be access policies that describe 
who is allowed to access a (specific part of a) Gra pple Statement under which conditions. This 
property refers to such a policy.</rdfs:comment> 
  </rdf:Description> 
   
  <!-- dcterms:provenance --> 
  <rdf:Description rdf:about="http://purl.org/dc/te rms/provenance"> 
    <rdfs:label rdf:datatype="http://www.w3.org/200 1/XMLSchema#string">provenance</rdfs:label> 
    <vs:term_status>testing</vs:term_status> 
    <rdfs:comment xml:lang="en">For Grapple Stateme nts this property describes things that are 
significant for authenticity, integrity, and interp retation of the Statement.</rdfs:comment> 
    <rdfs:domain rdf:resource="#Statement"/> 
  </rdf:Description>          
  <owl:Class rdf:about="#Statement"> 
    <rdfs:subClassOf> 
      <owl:Restriction> 
        <owl:onProperty rdf:resource="http://purl.o rg/dc/terms/provenance"/> 
        <owl:allValuesFrom rdf:resource="#Provenanc e"/> 
      </owl:Restriction> 
    </rdfs:subClassOf> 
  </owl:Class> 
   
  <!-- certainty --> 
  <owl:FunctionalProperty rdf:ID="certainty"> 
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    <rdfs:range rdf:resource="http://www.w3.org/200 1/XMLSchema#double"/> 
    <rdf:type rdf:resource="http://www.w3.org/2002/ 07/owl#DatatypeProperty"/> 
    <rdfs:domain rdf:resource="#Statement"/> 
    <rdfs:label xml:lang="en">Certainty</rdfs:label > 
    <vs:term_status>testing</vs:term_status> 
    <rdfs:comment xml:lang="en">A double value betw een 0 and 1 that describes the probability that 
the given statement is true. 1 means that it is tru e with a probability of 100% and 0 means that it 
is not true with a probability of 100%.</rdfs:comme nt> 
  </owl:FunctionalProperty> 
   
  <!-- ratingOf -->      
  <owl:ObjectProperty rdf:ID="ratingOf"> 
    <rdfs:range rdf:resource="#Statement"/> 
    <rdfs:label xml:lang="en">rating of</rdfs:label > 
    <rdfs:domain rdf:resource="#Rating"/> 
    <owl:inverseOf> 
      <owl:ObjectProperty rdf:about="#rating"/> 
    </owl:inverseOf> 
    <rdfs:comment xml:lang="en">Assigns a rating to  a Statement.</rdfs:comment> 
  </owl:ObjectProperty> 
  <!-- ratingValue --> 
  <owl:FunctionalProperty rdf:ID="ratingValue"> 
    <rdfs:range rdf:resource="http://www.w3.org/200 1/XMLSchema#double"/> 
    <rdf:type rdf:resource="http://www.w3.org/2002/ 07/owl#DatatypeProperty"/> 
    <rdfs:domain rdf:resource="#Rating"/> 
    <rdfs:label xml:lang="en">Rating Value</rdfs:la bel> 
    <rdfs:comment xml:lang="en">The actual value of  a rating.</rdfs:comment> 
  </owl:FunctionalProperty> 
   
</rdf:RDF> 
 


