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Summary 

This document describes the research analysis and the design of the Domain Model tool to be 
implanted in the scope of the WP3 – Authoring conceptual adaptation structures.  

WP3 has been focused on the design and development of a GRAPPLE authoring tool able to support 
authors in writing adaptive courses and Domain Model component is one of the key components that 
compose the GRAPPLE authoring tool. Objectives of a Domain Model (DM) component are analysed in 
detail by using some application scenarios selected by the partners involved in the work package and 
achieved through an intensive requirements elicitation activity carried out in academic and industrial settings. 
The state of the art introduces and analyses the existing domain model tools and it allows understanding the 
actual situation in the authoring context. After an introduction to the scope and objectives of Domain Model 
tool and its connections to the other GRAPPLE authoring components, the document is structured as 
follows: 

·  Chapter 1 – Tasks and Deliverables description 

·  Chapter 2 – State of art 

·  Chapter 3 - Detailed analysis of a set of scenarios 

·  Chapter 4 – Domain Model Design. 

As the development of the GRAPPLE system and then of the Domain Model foresees different prototypes, 
this document is continuously updated to follow the improvements and refinements of the architecture. 

The DM design stage will be followed by the implementation in two steps of the DM component: the first 
implementation will allow evaluating the user-interface and functionality. 
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1 Task and Deliverable Description 

T3.1  Design and implementation of a DM definition tool �(Warwick, TUe, UniGraz, GILABS, OUNL) 
The tool to be designed allows authors to define a conceptual structure of the domain of a learning 
application (and to link content to concepts). Structuring of this DM maybe facilitated by linking it to a 
Domain Ontology (DO) that allows reasoning over the concepts. 

 
D3.1a  Design specification of a DM definition tool  (GILABS, M9) 

This deliverable will exploit existing research into DM modelling (e.g. from the AHAM reference 
model). The focus of this design will be the user-interface specification for authoring a DM. The 
corresponding interface will allow authors to create and/or import conceptual structures and link 
(references to) content/resources to concepts from DM. 

 
D3.1b  Initial implementation of the DM definition tool (GILABS, M18) 

This deliverable will lead on from the design specified in D3.1a. It will describe the initial 
implementation of the DM definition tool will evaluate the user-interface and functionality as given in 
the specification with the aim of gathering feedback for the final version of this tool. 

 
D3.1c  Final implementation of the DM definition to ol (GILABS, M30) 

This deliverable will describe the final implementation of the DM definition tool. It will detail the 
changes in the design that have come about due to evaluation of the initial implementation. 

 

2 Introduction 

2.1 Objective of the Domain Model component 

The target audience of the GRAPPLE authoring tool is mainly composed by the course authors, in the 
academic settings by the lecturers, in the industrial settings by the instructional designers and training 
providers. 

The GRAPPLE authoring tool to be designed allows authors to create an adaptive course by defining a 
conceptual structure of the domain of a learning application, the necessary concept relationship types, the 
Conceptual Adaptation Model (CAM) structures, and to link contents to concepts.  

The Domain Model component will provide the author the capability to define a conceptual structure of the 
domain of a learning application by using a user interface shared with the other two components, Conceptual 
Adaptation Model (CAM) and Concept Relationship Type (CRT). 

Domain Model is a formal representation of a set of concepts within a domain and the relationships between 
those concepts. It is used to reason about the properties and concepts of that domain. 
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Figure 1: GRAPPLE authoring architecture.  

 

2.2 Relation to the other GRAPPLE WP3 components 

2.2.1 Concept Relationship Type Tool (CRT) 
The adaptation is mainly based on concept relationship types that allow the author defining prerequisites, 
inhibitors and other pedagogical relation types, which are used in the adaptation process.  

The DM is connected to the CRT tool to have an optional set of candidate DM specific relationships which 
can be converted to the current CRT, at the level of the CRT tool. 

2.2.2 Conceptual Adaptation Model (CAM) 
The Conceptual Adaptation Model uses the concepts and relations from the Domain Model, the relations 
from the CRT tool to create learning strategies as requested by the CAM author.  

Then, complete learning strategies are defined in the CAM. CRT only creates (mostly) snippets of adaptive 
behaviour, not complete strategies. 

3 State of the Art analysis – Related work 

This section provides an overview of state of the art related to the work conducted by the project partners 
and available in literature. More precisely, already existing authoring tools that appear related to the Domain 
Model component are reviewed and presented. These tools and the related experiences inspire the Domain 
Model design and implementation. In particular, it will be identified and investigated which concept and 
domain specific relationship types are covered in these tools. This analysis will serve as investigation and 
starting point for establishing a preliminary set of requirements and a first draft of component architecture. 
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3.1 The Adaptive Course Construction Toolkit 

The Adaptive Course Construction Methodology (ACCM) and the Adaptive Course Construction Toolkit 
(ACCT) were developed at Trinity College Dublin [16][17][18][19][20][21][22]. They constitute, respectively, 
an abstract course construction methodology for authoring adaptive e-learning courses and a representative 
implementation. The key design considerations were the identification, separation and modelling of disparate 
information sources and a course construction methodology based on proven educational development 
methodologies. 
 
In the traditional approach to course construction, an iterative process known as constructive alignment 
aligns learning goals and learning outcomes with assessment techniques [4][5][40].A curriculum then aligns 
the subject matter appropriate for the course with the expressed goals, outcomes and assessment. Teacher 
or instructional strategies and an evaluation strategy are designed. The six high level phases of a course 
construction methodology comprise: 

1) Analysis (the identification of problems and the proposal of solutions based on pre-evaluations, pre-
assessments and requirements gathering); 

2) Planning (the definition of scope, instructional methods and techniques, objectives and constraints); 
3) Design (story-boarding, creation of flowcharts and entity relationship diagrams); 
4) Development (the identification and selection of appropriate learning material and services required); 
5) Implementation (instantiating and launching the developed course to its target audience); and 
6) Evaluation. 

 
The IEEE reference guide for instructional design and development [34] is one such example. The ACCM 
(see Figure 2) is another that is more appropriate for constructing adaptive e-learning courses. It reconciles 
various models of information sources, namely, pedagogical and instructional design, activities, subject 
matter areas, personalization axes, and learning resources. The ACCM decouples the Adaptive Educational 
Hypermedia (AEH) authoring framework from the course construction methodology. 
 
 

 

Figure 2: The Adaptive Course Construction Methodology (ACCM) . 
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The Adaptive Course Construction Toolkit (ACCT) implements the ACCM. The architecture for the system is 
based on the Multi-Model, Metadata Driven Approach to Adaptivity [8] (see Figure 3). This approach 
separates content from rules and content from domain. It describes three core models or information 
sources, namely, the content model, the learner model and the narrative model. It uses [5] an abstraction 
mechanism called `candidacy' to group similar models and choose one, e.g. multiple content resources that 
teach similar concepts, but maybe in slightly different ways, could all be seen as candidates for teaching that 
same concept. The Multi-Model, Metadata Driven Approach to Adaptivity represents intelligence in a 
narrative that can reason across and access all models of the architecture. 
 

 

Figure 3: The Multi-Model Metadata Driven Architecture.  

 
 
The components of the ACCT include: 

·  The course package (an XML 'manifest'); 
·  The workspace (instantiated by a manifest); 
·  The importing/exporting of information models; 
·  The subject matter concept space (SMCS) builder implemented using JGraph [36] (see Figure 4); 
·  The narrative/story-line builder with a drag-and-drop interface (see Figure 5); 
·  The resource/repository search; and 
·  The model translator/interpreter (including a SMCS to SVG converter). 

 
The ACCT models narrative structures (e.g. case study, didactic, WebQuest – an inquiry-oriented lesson 
format in which most or all the information that learners work with comes from the web), activities (e.g. peer 
review), subject matter concept spaces that are not contextualized by content references, narrative attributes 
(what parts of the course can be adapted), learners, learning resources, candidates and narratives to help 
assemble all of the above. The key information for building a learner model schema is extracted from the 
narrative attributes. All of these models are represented using specially defined XML schemas. It was 
deemed more important to be standards-compliant (the import/export feature) than standards-driven. 
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Figure 4: The Subject Matter Concept Space (SMCS) Builder.  

 

Figure 5: The Narrative Builder.  

 
To build an adaptive course with the ACCT, a user generally works through the following steps. They create 
or load a course package and workspace. They can also import models from other course packages. They 
represent the subject matter concept space using a graph-based tool. They compose the personalized e-
learning design by defining the pedagogical strategy, refining the strategy with activities, contextualizing the 
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strategy with concepts from the subject matter concept space, adding adaptivity (at the concept level), and 
searching for and selecting candidate resources. Finally, the course developer can deploy a personalized e-
learning design in a web environment using the ACCT Generic Adaptive Personalized e-Learning Service 
(gAPeLS). gAPeLS enables the adaptivity. 
 

3.1.1 ACCT and GRAPPLE’s Domain Model (DM) 
In ACCT, the DM is referred to as the Subject Matter Concept Space (SMCS). This term was chosen to 
make the authoring process and terminology more amenable to teachers [19]. Subject area modelling 
provides information regarding the semantics (e.g. conceptual granularity, inherent semantic flow, 
vocabulary and taxonomy) and the syntax (e.g. metadata schema and format) of the subject domain of the 
course. This information, both semantic and syntactic, can provide the base requirements for generating 
learning content and service discovery queries [39]. Within ACCT, the Subject Matter Concept Space 
(SMCS) comprises an XML schema for a subject matter concept with fields for id, type, name, description, 
relationships and candidates. For example, an excerpt of the XML representation of the ‘Electricity and 
Electromagnetism’ concept is as follows: 
 
<smcs> 

<concept xmlns:xlink="http://www.w3.org/1999/xlink" id="-364325608" type="subjectmatter" xlink:href=""> 
<name lang="en">Electricity and Electromagnetism</name> 
<description lang="en">This concepts covers such things as Electricity and Electromagnetism</description> 
<relationships> 

<relationship xlink:href="-364292591"> 
<relationship_type xlink:href="#CONTAINS" /> 
<relationship_cardinality xlink:href="1-1" /> 
<relationship_description xlink:href="en" /> 

</relationship> 
<relationship xlink:href="-364280758"> 

<relationship_type xlink:href="#CONTAINS" /> 
<relationship_cardinality xlink:href="1-1" /> 
<relationship_description xlink:href="en" /> 

</relationship> 
… 

</relationships> 
<candidates> 

… 
</candidates> 

</concept> 
<smcs> 

 
 
ACCT was developed iteratively using a rapid prototyping approach. As a result of user feedback, the 
Subject Matter Concept Space Builder evolved from a forms-based editor to a tree-based editor and finally, 
to a graph-based editor implemented using JGraph [36] (see Figure 4). It is not a stand-alone tool, but part of 
the overall ACCT environment. This allowed the author to visually and intuitively create and manipulate the 
concepts and relationships. The graph is transformed between its visual representation and its XML schema 
using the model translator. 
 
The ability of the authoring tools within GRAPPLE to define the DM using the IMS VDEX standard will be a 
useful advancement. 
 

3.2 AHAM Domain Model (as used by AHA!) 

The AHAM reference model [24] is shown below. AHAM is the most widely used reference model for 
adaptive hypermedia applications. In GRAPPLE the core adaptation engine (described mostly in deliverable 
D1.3a) is based on the AHA! system which closely follows the AHAM reference model. The most recent 
public reference for AHA! is [25], but the GRAPPLE ALE is based on a complete redesign described in 
D1.3a. 
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Figure 6: AHAM reference model.  

 

In AHAM the Domain Model (DM) consists of concepts and concept relationships. We give a somewhat 
simplified definition below. 

·  Each concept has a unique identifier (uid), a set of attribute-value pairs, a sequence of anchors and 
a presentation specification. 

·  Concepts can be atomic (i.e. inside the concept there is no adaptation possible) or can be 
composite, meaning that the concept “consists” of zero or more other concepts (which are 
themselves atomics or composites). The “composition” of concepts defines a concept hierarchy. 

·  Each concept relationship has a unique identifier (uid), a set of attribute-value pairs (which must 
include a “type” attribute) and has a sequence of specifiers. A specifier indicates a concept, anchor 
(within that concept) and a “direction”. 

Closely tied to the DM are the following aspects: 

·  The Resolver function translates a “description” of a concept to its uid. This function is used for 
instance to translate access to an abstract concept into a uid of a page or fragment. In GRAPPLE 
this functionality is realized in deliverable D1.1 - CAM to adaptation rule translator. 

·  The Accessor function retrieves the “content” of a concept (from the “Within-Component Layer”) 
when given its uid. In GRAPPLE URIs are used to retrieve content either from a file system or from 
http servers. 

·  Most concept relationships are instances of a concept relationship type. In the Adaptation Model 
arbitrary (specific) event-condition-action rules can be associated with a concept relationship, but 
typically some generic rules (using variable names rather than concrete concepts) are associated 
with each concept relationship type, thus giving meaning to each type by defining its associated 
adaptation behaviour. 

·  The User Model (UM) is (or contains) an overlay model of the DM. In the UM each concept again 
has a set of attributes of arbitrary data types. When defining adaptation rules attributes from DM and 
UM can be freely mixed provided that no attribute appears in both. 

The DM and UM in the AHA! system [23] closely corresponds to those of AHAM. There is a significant 
difference between the previously published AHA! release (3.0) and the version to be used within the 
GRAPPLE project (4.0). We will emphasize that difference below. 

In AHA! there is no strict separation between the DM and the Adaptation Model (AM). 

·  In AHA! with each concept we associate an arbitrary number of attributes. There are some 
predefined attributes, e.g. parent, firstchild and nextsibling for defining the concept hierarchy, but for 
the most part the attributes are author-defined. When defining attributes AHA! makes no distinction 
between DM and UM attributes. Author-defined attributes can only be of type Boolean, Integer or 
String. 
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·  With each attribute we associate an arbitrary number of event-condition-action rules. There is one 
system-defined event: the access event (which happens when the server receives an http request). 
Rules can be triggered by the access event or by an update to the attribute of the concept they are 
associated with. The condition is a Boolean expression over attribute values of concepts. The action 
is an assignment of the result of an expression to an attribute of a concept. This is a fairly general 
scheme in the sense that the expressions and the assignment can use (and assign to) any attribute 
of any concept. In practice however this general nature is seldom used. Here are two examples: 

1.  event: xanadu.access 
    (access event associated with access attribute of 
concept xanadu) 
condition: xanadu.suitable == true 
action: xanadu.knowledge := 100 

2.  event: an update to xanadu.knowledge 
    (event associated with knowledge attribute of 
concept xanadu) 
condition: true 
action: history.knowledge += _xanadu.knowledge / 10  
    (the _ indicates the “change” to the attribute 
causing the event) 

As you can see in the example conditions and actions do not use arbitrary attributes of arbitrary 
concepts, but typically use the concept they are associated with (at least somewhere). The reason 
for this is that the rules are often generated automatically from a structure with concept 
relationships. Although such relationships do not exist within AHA! an authoring tool for AHA!, 
called the Graph Author, allows authors to design a conceptual adaptation model using concept 
relationships [23]. 

AHA! version 4 removes most “restrictions” that AHA! version 3 still had with respect to the AHAM reference 
model. In AHA! 4 concepts can have attributes of arbitrary data types (actually any type that can be defined 
using Java), and the conditions and actions may be defined using arbitrary Java code. Here is an example of 
a condition used to conditionally include a fragment of text in a page: 

 <if expr=”((aha.profile().getId().hashCode() / 100)  % 10) != 0”> 
  ... 
 </if>  
This expression requests the user’s Id from the UM, and then generates a hashcode from it that is used to 
randomly include the (not depicted) fragment for about 10% of the students, and hide it from others (this is 
actually part of a bit of randomization in generating an assignment text.) 

3.3 CODRIVE project’s content maps 

The CODRIVE® Project was a competency elicitation project for vocational education. Its target was to 
develop a new competency-driven approach to knowledge in vocational education, which would facilitate and 
innovate interoperability and matching between Learning Content Management Systems (LCMS) and Public 
Employment Service Applications (PESA) through intelligent competency ontology design. 

In the CODRIVE project authors use Learn eXact platform to create and deliver eLearning contents. 

Learn eXact allows authors to publish or retrieve contents according to a shared classification mechanism. 
Classification in learn eXact is achieved by means of "Content Maps", taxonomy-based trees or maps 
describing a structure of concepts or categories that the users may browse in order to find (or to publish to 
the Repository) content related to one or more specific categories in the Content Map. 

Content Maps in learn eXact are based on the following two architectural principles: 

·  Content Maps are expressed as VDEX taxonomies (i.e. XML files compliant to the IMS VDEX 
specification). The system can work with any (one or more) VDEX taxonomy and content can be 
hooked to one of more nodes of one or more Content Maps at the same time. 

·  Content hooking is achieved by indexing a given material inserting the wished taxonomy node in the 
"Classification Taxonpath" metadata field. 
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In CODRIVE, authors (starting from the conceptual graph produced by the use of Dogma Studio) create one 
or more content maps useful for support in indexing learning materials. 

 

Figure 7: CODRIVE content maps.  

 

3.4 Competence-based Knowledge Space Theory and the  Domain Map Editor 

3.4.1 A theoretical framework for domain and user k nowledge representation 
Competence-based Knowledge Space Theory [28] provides a psychological mathematical framework for 
representing both, domain and user knowledge, thus providing information for the domain as well as the user 
model of a learning system. In the original framework of Knowledge Space Theory (KST) [27][28] a 
knowledge domain is represented by a set of problems. A structure of prerequisites (denoted as ‘prerequisite 
relation) on these problems is established based on (logical) dependencies among these problems, which 
gives rise to a so called knowledge structure, collecting all subsets of problems corresponding to those 
prerequisites. The knowledge state of a learner is represented by the subset of problems that he/she is 
capable of solving. Competence-based extensions of this theoretical framework (CbKST) incorporate the 
consideration of the latent cognitive constructs underlying the observable (problem solving) behaviour and 
thus assume the existence of a set of skills required for solving problems and taught by learning objects 
[2][32]. The relation between skills and learning content (assessment problems and learning objects) is 
established through the assignment of the respective skills relevant for the content object. Thus, in CbKST a 
domain is represented through a set of skills and their relations to content objects. On the skills again a 
prerequisite relation and, consequently, a competence structure can be established [38]. The so-called 
competence state of a person is the set of skills he/she has available and can be mapped from the 
observable behaviour. 
The theoretical framework of (Cb)KST provides a sound basis for efficient adaptive assessment procedures 
and the personalisation of learning paths to learners’ knowledge and competence and has been successfully 
implemented into a range of learning systems [9][33][37]. 
 

3.4.2 A CbKST-based knowledge representation model 
The knowledge representation model elaborated in the context of the iClass project (www.iclass.info) based 
on CbKST is characterised by two pillars: The first pillar is the domain model which represents the 
knowledge of the domain and the second pillar is the user model which represents the knowledge of the 
learner. The knowledge representation model for a single domain is depicted in Figure 8.  
The domain model is based on CbKST and comprises the structure how the domain is represented 
regarding learning objects, problems (assessment items), skills, concepts, and action verbs. The central 
elements are skills which are assigned to both learning objects and assessment items. A skill is defined by a 
set of domain concepts and an action verb which specifies the level of expertise regarding the respective 
concepts (e.g. apply the Pythagorean Theorem). The prerequisite relations between skills build the 
competence structure.  
A domain map represents a knowledge domain and consists of domain information populated in line with the 
structure of the domain model. This can be done by content authors as well as by teachers. Domain maps 
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can be differentiated between subjective and objective maps to indicate their state of validation. Objective 
maps are empirically validated (ideal case) and subjective maps are not validated, even if they have been 
created by domain experts.  
The learner model characterises knowledge, competences and learning goal of a learner. It refers to 
elements of the domain model, since the learner's knowledge is defined through references to domain 
knowledge. The knowledge state is a set of problems which the learner is capable of solving, the 
competence state is a set of skills which the learner has available, and the competence goal is a set of skills 
which the leaner should acquire. 
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Figure 8: Knowledge Representation Model consisting of domain  model and learner model.  

 

3.4.3 Domain Map Editor 
The Domain Map Editor (see Figure 9) developed in the iClass project is a tool dedicated to teachers in order 
to allow them to author their own domain maps or modify existing ones. The tool allows easily creating 
domain maps by employing visualisation techniques.  
 
The Domain Map Editor allows to define, modify, and extend the vocabulary of a knowledge domain, which 
is made up of domain concepts (e.g. right triangle, Pythagorean Theorem, etc.) and action verbs (state, 
apply, etc.) associated with Bloom’s revised taxonomy [3]. The action verbs constitute cognitive activities 
with respect to and applying the domain concepts. These action verbs are associated with the levels of 
cognitive processing according to Bloom’s revised taxonomy for learning activities and objectives [3]. The 
concepts and action verbs of a knowledge domain constitute the building blocks for defining skills. A skill is 
defined by a pair consisting of an action verb and one or several concepts [32]. Once the skills of a 
knowledge domain have been defined, prerequisite relationships may be established among them (based on 
logical dependencies, but possibly also mirroring certain instructional sequences preferred by the teacher or 
prescribed by the school/curriculum). The action verbs and their association with the levels of the Bloom 
taxonomy are meant to support this structuring process, as these levels constitute a cumulative hierarchy of 
cognitive processing. The skills can be associated with learning objects and assessment items already 
available in the system or imported/created by the teacher. During the creation of such a domain map, the 
author is visually supported, as all modifications are immediately translated to the visualisation. The created 
domain map is stored in OWL format. 
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Figure 9: Domain Map Editor.  

 

 

3.5 LAOS framework-based authoring as used by the My Online Teacher (MOT) 
authoring tool 

MOT1 is a web-based authoring system based on the LAOS [10] of authoring. LAOS2 divides the adaptation 
specification into domain model (DM; with content structure in the form of a hierarchy of concepts, with 
domain-specific metadata attributes, which can also contain links to real resources), goal and constraints 
model (GM; representing a filtered version of the DM information, pre-ordered for presentation, and also 
allowing for pedagogical metadata and labelling), presentation model (PM; with information about how the 
content should be displayed on the screen), user model (UM; with user or learner information) and 
adaptation model (AM; the only dynamic part, specifying how all the components in the previous (static) 
models are combined to give an adaptive, personalized experience3).  

MOT implements a simplified version of this framework by mapping it onto three modules for authoring 
adaptation. These three modules are:  

1. A conceptual hierarchical domain layer (Domain Model, DM) (of atomic and composite domain 
concepts, built of a number of domain attributes containing metadata and possible (links to) the 

                                                      
1 MOT was developed during the ADAPT EU Minerva project, and has been extended in the ALS EU 
Minerva project. 
2 LAOS was developed and extended during the ADAPT EU Minerva project. 
3 We say that if DM, GM, PM and UM are the ingredients, than AM is the recipe. 
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actual concrete content ). The DM’s are adaptation independent and can be re-used potentially by 
different teachers. 

2. A goal & constraints layer (Goal & constraints Model, GM) containing a filtered, ordered grouping of 
the domain concept. The grouping is done using links/pointers to the actual concrete content and 
they contain extra information, weights and labels (of pedagogical nature in educational domain). 
The GM deals with alternative presentation of contents at attribute level or above. Between the DM 
and GM in MOT there is a multi-multi relation: one domain map can generate multiple domain maps, 
and one goal map can be based on multiple domain maps (see also Figure 10). Figure 11 illustrates 
the pedagogical labelling of the content in the GM. 

3. An Adaptation Strategy Model (ASM) of user (learner) adaptation and presentation adaptation. This 
synthesises information in the UM, PM and AM as defined by LAOS. This combined model is not 
integral part of the MOT tool at the moment, but needs edited separately, in simple text editors, and 
is to be used together with the main MOT tool. 

 

 

Figure 10: MOT lesson (GM) maps can be built from concepts fro m many domain maps.  
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Figure 11: MOT Goal & Constraints Model (GM) / lesson view (he re we see a concept labelled 
‘beginner’). 

3.5.1 MOT domain model and goal model 
MOT is based mainly on two models, the domain model and the goal model. 

In the domain model, all domain maps, which are used by the exported goal map, are described. The 
domain model has a number of domain concepts that represent the used concept maps. Domain concepts 
can have sub-concepts; as well as domain attributes that represent relevant concept meta-data, such as a 
title; or relations, that represent connections to other concepts. Attributes have a name and contents. 
Relations have a name and a relation link. The relation link connects to another domain concept, with which 
the concept is associated. The relation link depends on the existence of the concept in the domain model 
part.   

The goal model (or lesson) can have any number of sub-lessons, which can have sub-lessons. The ‘link’ 
attribute in the DTD represents the fact that lesson concepts are pointers to domain concept attributes. The 
link also has a weight and label, to enable adaptive systems to decide (via adaptation strategies) for which 
users its target has to be shown. From the point of view of GRAPPLE, goal model connections should 
actually be included in the CRT definitions (as types of pedagogical connections) and reflected in the CAM. 
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Figure 12: MOT UML diagram. 

3.5.2 The Common Adaptation Format (CAF) 
This format represents the same elements as extant in the MOT MySQL database, but in XML language, 
which is more appropriate for web conversions, as well as semantically clearer for automatic machine 
processing. Moreover, this representation conforms to the LAOS authoring framework and abides to the 
‘separation of concerns’ principle, according to which content, behaviour, presentation, etc. are separated 
and can be reused independently. CAF [15] represents a proposal for the static component of the AEH 
description. The CAF format encodes domain and lesson maps4; domains need to encode at least one 
concept, which has lists of attributes and sub-concepts. Attributes can have a name, representing the type of 
attribute, and the actual data they contain. The DTD of CAF is given below:  

                                                      
4 Please note that we distinguish between model, representing the schema level, and map, representing the 
instance level. 



 D3.1a - Design specification of a DM definition tool (v1.0), 14-02-2009 

 

Design specification of a DM definition tool Page 21 (44) 

 
<?xml version="1.0" encoding="UTF-8"?> 
<!ELEMENT CAF ( domainmodel ?, goalmodel ?)> 
 
<!ELEMENT domainmodel (concept+)> 
<!ELEMENT concept (name, attribute*, concept*, rela tion*)> 
<!ELEMENT attribute (name, contents)> 
<!ELEMENT name (#PCDATA)> 
<!ELEMENT contents (#PCDATA)> 
<!ELEMENT relation (name, relationlink+)> 
<!ELEMENT relationlink (#PCDATA)> 
 
<!ATTLIST relationlink 
    weight CDATA "" 
    label CDATA "" 
    type CDATA "" 
> 
 
<!ELEMENT goalmodel (lesson)> 
<!ELEMENT link (#PCDATA)> 
 
<!ATTLIST link  
    weight CDATA "" 
    label CDATA "" 
> 
 
<!ELEMENT lesson (link*, lesson*)> 
 
<!ATTLIST lesson 
    weight CDATA "" 
    label CDATA "" 
> 
Example (1):  As an illustration we show a CAF file domain map with at least one concept, named ‘Adaptive 
Systems’, which has at least one sub-concept, named ‘Adaptive Hypermedia’. The latter concept has at least 
one attribute, with the name ‘Title’ and the contents ‘Adaptive Hypermedia’. 

 

<CAF> 
<domainmodel> 
<concept> 
<name>Adaptive Systems</name> 
  <concept> 
<name>Adaptive Hypermedia</name> 
<attribute> 
<name>title</name> 
<contents>Adaptive Hypermedia</contents> 
</attribute> 
    </concept> 
</concept> 
</domainmodel> 
// goalmap not displayed here 
</CAF> 
 

Example (2): An extraction of a lesson description in CAF, with a high hierarchy lesson container with two 
sub-lessons, one pointing to the title attribute of the ‘Adaptive Hypermedia’ concept of the ‘Adaptive 
Systems’ domain concept map, and the other one to the text domain attribute. This lesson container also 
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contains at least one more lesson container. The content of the sub-lessons is actually a pointer to the 
corresponding domain concept attribute, just as in MOT. Sub-lessons can also have weights and labels:  

 

<CAF> 
// domain map not displayed here, is considered to be as above 
<lesson> 
<contents weight="0" label=""> 
Adaptive Systems\Adaptive Hypermedia\title 
</contents> 
<contents weight="0" label=""> 
Adaptive Systems\Adaptive Hypermedia\text 
</contents> 
<lesson> 
<contents weight="0" label=""> 
Adaptive Systems\Adaptive  Hypermedia\Welcome\title  
</contents> 
<contents weight="0" label="vid"> 
Adaptive\Adaptive Hypermedia\Welcome\video 
</contents> 
</lesson> 
</lesson> 
</CAF> 
 

A CAF file thus consists of two parts: Domain model and Goal model.  

3.5.3 LAG language 
The LAG model [12] is concerned about: direct adaptation rules, adaptation language and adaptation 
strategies. This model represents the dynamic part of the adaptive hypermedia model and comes to 
complement the static elements in MOT. The adaptation language with the same name, LAG, allows for 
creating adaptation strategies that use the elements in the static models (UM, GM, DM, PM). To give a 
flavour of how the static models are used by the adaptation language, to show to beginner student’s material 
labelled for them, one could write: 

 If ( UM.GM.level == beginner && GM.Concept.label==b eginner)  

       then ( PM.GM.Concept.show=true ) 

More information about both the LAG model and the LAG language is given in the CRT deliverable (in 
relation with types of relations created by the adaptation chosen) and in the CAM deliverable (in relation with 
the overall adaptation strategies).    

4 Detailed analysis of a chosen scenario and relate d requirements for 
a Domain Model tool 

For presenting the core interaction between the system services we choose to use a scenario-driven 
description: Two of the scenarios, Peter & Martin, chosen are taken from the evaluation analysis available in 
the deliverable D10.1 - Requirements specification by corporate users of LMS on integrated adaptive 
learning services and D9.1 - Requirements specification by academic users on integrated adaptive learning 
services. The other one was elaborated and studied by the partners involved in WP3 activities. 

4.1 Application scenarios description 

4.1.1 First scenario - Peter 
Peter has to prepare a course on adaptive business English for his students. First he creates the content for 
the learning units or acquires existing ones. The adaptive learning environment allows Peter to create an 
adaptive business English course which adapts to a learner’s goals, knowledge and language. 
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Second, Peter sets up the adaptive functionalities with the help of a wizard like interface. He knows that 
learners with different goals/tasks, knowledge levels, and native languages are attending the business 
English course. He also knows that these differences include different requirements.  

For the creation of the course the following steps have to be performed by using the GRAPPLE authoring 
tool: 

- Author defines the concepts (learning units) and domain specific relations, but not relations of 
pedagogical nature (prerequisite) – Domain Model  

- Author defines relations of pedagogical nature (prerequisite) between the concepts – Conceptual 
Adaptation Model  

- Author defines the connections between concepts (learning activities) and goals/tasks – Conceptual 
Adaptation Model  

- Author defines a learning logic or he can choose from a set of them (rules for learning 
process/learning strategies) – Conceptual Adaptation Model / Concept Relationship Type 

- Author defines other rules (e.g. adaptation to user language, user platform, user device). 
 

This scenario introduces clearly a list of requirements that involve directly the Domain Model: 
·  The tool allows the author to define concepts and concept attributes/metadata. This means they will 

be always available to the user when the author defines the relationships or when the author uses 
the available learning strategies (in the CAM). 

·  The definition of the concept types and concepts will happen through a GUI interface. 
·  The tool allows the author to link the concepts to the contents by the domain specific relationships 

and to be able to preview the concepts and related attributes/metadata.  
 

4.1.2 Second Scenario – Martin 
Martin creates learning plans (i.e. learning designs consisting of structured learning activities referring to 
learning materials) for university courses. His colleagues teaching similar courses may also use the plans or 
parts of them. He aims at development of learning plans that will be delivered to students in a personalized 
and adaptive way (providing alternative paths through the plan for different learners).  

He has already the basic fragments of text, drawings, photos, animations, audios, and videos, even 
specifications of learning activities and designs that can be used. Martin either found them in available 
repositories or created them before with various production tools. Now, he wants to compose a new learning 
plan out of them and for this purpose he uses the Personalized Authoring Environment (PAE), which is 
based on learning standards to enable exchange of components among applications and systems. Re-
usability and interoperability are crucial requirements to make the authoring efficient.  

This means that one pedagogical method can be used in various situations with different learning resources. 
Or to put it differently, alternative pedagogical strategies can be applied over the same learning resources 
(e.g. for beginners and advanced students, for deep study as well as quick repetition). Interoperability of 
adaptive systems would be enabled by a specification clearly describing the educational role of each 
component, and how the components relate to each other (e.g. prerequisite or alternative relationships). The 
specification should enable knowledge representation (e.g. creation of rules) to describe how the delivery of 
the learning experience (e.g. presentation of the content or provision of supporting services) should be 
adapted to the needs of the individual learner (e.g. if the learner has high inductive reasoning then show 
concrete examples before conceptual material; if the learner has high social skills then offer her synchronous 
interaction with her peers).  

To create an adaptive learning application various types of knowledge need to be used, e.g. knowledge 
about domain, pedagogy, learner, context, adaptation. Ideally the author can distinguish various types of 
knowledge and represent them separately (as conceptual entities with explicit semantics). However, Martin 
does not have to formalize all of them, as using suitable metadata, he may find in existing repositories the 
components he needs. If they do not fit exactly to his requirements he can adjust them accordingly. To make 
the authoring process easier and more intuitive PAE provides automatic help and templates for specification 
of learning resources, their attributes and relationships. Some of the attributes (metadata) may be generated 
automatically via the inheritance mechanism (e.g. target group, difficulty level) or from the current context 
(e.g. author, time of creation). The PAE also supports collaborative authoring, providing suitable 
communication and awareness raising facilities for authors. 
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4.1.3 Third scenario – John 
A teacher, Dr. John Brown, wants to create an abstract structure of a course. He can do this, because he 
has domain model authoring rights. The topic is ‘Neural networks’. He uses the GRAPPLE DM (domain 
model) tool to create this abstract structure, much like creating a (more detailed) mind map. 

Dr. Brown could base his new domain map on existing, shared domain maps created by other authors/ 
teachers, or on previous domain maps created by him. For this purpose, he can access an upload tool listing 
all available domain maps and their descriptions (domain maps meta-data). This time however he decides to 
create a totally new concept map. 

Moreover, previously used concept names are available to him as a library of terms.  

The teacher starts the graphical interface and creates a concept called ‘Neural networks’. He then 
remembers that this would mean teaching about concepts such as ‘Biological Neural Networks’, ‘Artificial 
Neural Networks’. These are types of ‘Neural networks’ concepts, so he connects them to this concept via is-
a relations. The ‘Biological Neural network’ furthermore is represented by concepts such as ‘Axon’, 
‘Dendrites’, ‘threshold’, ‘firing’. All these are part-of concepts belonging to the ‘Biological Neural network’. 

‘Logical circuits’, ‘black box’, ‘energy functions’, ‘backpropagation’, etc. are part-of concepts belonging to the 
‘Artificial Neural Networks’ concept. Energy function is further on explained by concepts such as ‘weight’, 
‘threshold’, ‘inputs’, ‘outputs’, etc. Dr. Brown adds more part-of relations between these new concepts and 
the ‘Artificial Neural Networks’ concept.  

Dr. Brown continues this way to create his domain map. He uses links for the part-of and is-a relations from a 
drop-down box. He might be using other relations as well, which are characteristic for domain modelling. For 
instance, he creates a directional relationship called ‘in’ between the concepts ‘inputs’ and black box’, as well 
as a relationship called ‘out’ between the concepts ‘black box’ and ‘outputs’.  

When he has finished his domain map, or at an earlier stage, Dr. Brown wants to annotate the concepts he 
has created with some labels (meta-data). He labels the concept ‘weight’ with labels ‘numerical’, 
‘percentage’. He adds attributes/metadata ‘number’ to both ‘inputs’ and ‘outputs’. 

Finally, Dr. Brown might want to see how his domain map could be populated. He starts a search that links 
his domain map, via meta-data, to the content repository. Thus, the names of his concepts are mapped to 
meta-data in the content repository. Then he can click on the found resources (between 0 and more for each 
concept) and read the content of that respective resource.  

4.1.4 Specific scenario in the context of Virtual r eality - Solar system 
A teacher wishes to teach the solar system to his students. He feels that describing the solar system only by 
means of text and illustrations is not appealing enough for the students that he envisages. Therefore, next to 
plain text explaining the solar system from a scientific point of view, he also wants to provide a virtual 3D 
world of the solar system displaying the sun and the different planets. The student will be able to navigate 
through the system by using the standard technique of following hyperlinks to display the textual information 
about the solar system, but he will also be able to navigate through the virtual world and interact with the 
objects (sun and planets) in the virtual world.  To avoid that the students don’t know what to do or where to 
start, as well as to avoid that students play to much with the object, the virtual world will adapt according to 
the knowledge of the student and the material studied. For instance, if a student just starts to learn about the 
planet Jupiter, he may get plain text giving some preliminary information about Jupiter. Then the student is 
familiar with this information, he may be allowed to examine the planet in the context of the 3D world. When 
he has finished all material about Jupiter, the virtual planet will be coloured differently and interaction with the 
virtual planet will be disabled. In this example the adaptation is done according to the learner’s profile. In the 
following example, the virtual world is adapted according to the material being studied. E.g., when studying 
about the rotation of the planets around the sun, the student will be able to observe this behaviour in the 
virtual world; otherwise this behaviour should be disabled.  

For the creation of the course the following steps have to be performed: 

- Author defines the learning concepts (like Solar System, Sun, Planet, Jupiter, Earth, Jupiter 
Rotation, Jupiter Characteristics) and indicates relationships between these concepts like Sun is-
part-of Solar System, Jupiter is-a Planet and domain specific relations such as Jupiter Rotation is-
rotation-of Jupiter. 

- Author defines CRT relations between the concepts. E.g., Jupiter Characteristics prerequisite-for 
Jupiter Rotation;  
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- Author defines the connections between the learning concepts and actual 3D objects in the virtual 
world. For instance, Jupiter needs to be connected with the X3D file containing a 3D representation 
of Jupiter; Jupiter Rotation needs to be connected with a specific behaviour script that defines the 
behaviour of the 3D representation of Jupiter, and the Virtual Environment representing the complete 
solar system needs to be connected with (a subset) of the domain model. 

- Author defines the actual adaptive learning process using a combination of general and VR-specific 
adaptation rules. For example, he defines that the 3D representation of Jupiter is displayed after the 
textual information for Jupiter has been visited, and that the user cannot interact anymore with the 
3D representation of Jupiter when he has complete knowledge of Jupiter.  
 

Virtual reality specific requirements for the Domain Model 

From this scenario we can derive some additional requirements for the domain model: 
 

·  It should be possible to connect a resource to a subset of the domain model. 
·  As a Virtual Environment resource may contain 3D representations (resources) of different concepts 

from the domain model, it is also necessary to indicate which resources of individual concepts are 
included in such a composite resource. 

 
The actual binding between concepts and VR resources and between VR-resources themselves will be 
supported in the VR-authoring tool (Task 3.4) (in a visual way); however the Domain Model Tool should at 
least be able to visualize them. 
 

4.1.5 Specific scenario in the context of Simulatio ns – Scrum training 
Scrum is an iterative incremental process of software development [1][41]. It is an agile method insofar as it 
promotes short development iterations, open collaboration, and process adaptability throughout the life cycle 
of a project. Small increments of work are performed with minimal planning. This helps to minimize the 
overall risk, and allows the project to adapt to changes more quickly. There is an emphasis on stakeholder 
involvement. Scrum has also been used in other industries besides software development, for example 
product development [44][45]. Scrum comprises a set of roles, practices and documents. The main roles are 
divided into two groups: 

·  The pig roles (the scrum team): 

o The team comprises the designers, developers, etc.; 

o The product owner represents the stakeholders, writes user stories, prioritizes them, and 
places them in the product backlog; and 

o The scrum master or facilitator ensures the Scrum process is used as intended and acts as 
a buffer between the team and any distracting influences. 

·  The chicken roles: 

o The stakeholders (e.g. customers and vendors); 

o The users; and 

o The managers provide the environment for the product development organization. 

The main practices are: 

·  The sprint planning meeting in which the product owner informs the team of the backlog items from 
the product backlog that he/she would like implemented and the team determines how much of this 
they can commit to in the forthcoming sprint; 

·  The sprint is a 15-30 day period in which the team implements the chosen sprint backlog to create 
an increment of potentially shippable software; 

·  The scrum or daily stand-up is a 15-minute standing meeting scheduled for the same time and place 
each day. All are welcome but only pigs may speak. Each team member answers three questions: 
What have I done since yesterday? What will I do today? What problems are preventing me from 
accomplishing my goal? 
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·  The sprint retrospective is a meeting after each sprint at which all team members reflect about the 
past sprint. 

The main documents are: 

·  The product backlog contains broad descriptions of all required features with time estimates 
measured in days (open and editable by anyone); 

·  The sprint backlog sets out how the team is going to implement the requirements for the upcoming 
sprint – if a task requires more than 16 hours then break it down further; and 

·  The sprint burn down chart is a publicly displayed chart showing the number of tasks remaining for 
the current sprint. 

There are frequent stakeholder meetings to monitor progress. Intermediate deliveries with working 
functionality enable the stakeholders to get working software earlier and change its requirements according 
to changing needs. The team frequently develops risk and mitigation plans. All planning and development is 
very transparent. Everyone can see who is responsible for what and everyone is encouraged to recognize 
and describe any unforeseen or potential problems. Software tools to support Scrum include Agilo  [30][31], 
Gaiaware Sprint  [29], and Danube ScrumWorks  [26]. 

Now, suppose a teacher wishes to teach the Scrum software development methodology to his students. He 
feels that describing the concepts and services of Scrum through slides or a textbook is inadequate and un-
engaging to the students. However, he also feels that proposing a project, assigning the students various 
roles and applying the Scrum methodology in class is infeasible. This task is time-consuming (a real-life 
sprint involves a 15-30 day period), each student only experiences the role they are assigned, and the 
teacher risks distracting the students with the details of the project when the concepts and services of the 
Scrum process itself are the focus. Its success also depends on each student playing their part; a single 
confused or lost student hinders the learning process for the entire class. The teacher would like to teach 
Scrum through simulation, thereby enabling each student to take part in a functional Scrum team, to control 
the duration of the simulation, to experience all roles, to familiarize themselves with the concepts of Scrum at 
the appropriate times during the simulation, and to ignore the details of the project and focus on the process. 
The teacher would like the simulation to adapt to each student where appropriate. This will involve 
adaptation of the presentation and navigation of the concepts [6][7], but also adaptation of the workflow of 
the simulation itself. For example, a student's participation in a Scrum meeting should depend on their role 
within the meeting and their prior experience with this service. There are also many possibilities with respect 
to learning style: Should the simulation provide an overview or summary before or after performing the 
service? Should it interject with hints and best practices during the meeting? Should it provide assessment 
and testing through the medium of the simulation? The teacher wants to author an adaptive simulation to 
teach to teach the Scrum software development methodology. We make the following assumptions: 

The teacher has access to, or can create, a Concept Domain Model (CDM) with the following concepts: 
softwareDevelopmentMethodology , agileSoftwareDevelopmentMethodology , 
scrumSoftwareDevelopmentMethodology , implementationTeamMember , implementationTeam , 
productOwner , scrumMaster , scrumTeam, stakeholder , sprintPlanningMeeting , sprint , 
potentialShippable , scrumMeeting , sprintRetrospective , backlogItem , productBacklog , 
sprintBacklog , sprintBurnDownChart , project , and projectProposal . 

The teacher has access to, or can create, a Service Workflow Model (SWM) with the following services: 
createProductBacklog , sendProjectProposal , receiveProjectProposal , writeUserStory , 
prioritizeUserStory , addUserStoryToProductBacklog , scheduleSprintPlanningMeeting , 
attendSprintPlanningMeeting , addBacklogItemToSprintBacklog , 
assignSprintBacklogItem , copySprintBacklogToBurnDownChart , implementItem , 
removeItemFromSprintBurnDownChart , scheduleScrumMeeting , attendScrumMeeting , 
scheduleSprintRetrospectiveMeeting , and attendSprintRetrospectiveMeeting . 

The teacher will ‘drag-and-drop' concepts from the CDM and services from the SWM into the Conceptual 
Adaptation Model (CAM) and link them using Concept Relationship Types (CRTs), Service Relationship 
Types (SRTs), and Concept-Service Relationship Types (CSRTs). The adaptation is specified using tags 
(concept tags and service tags) and the relationship types (CRTs, SRTs, and CSRTs). 
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4.1.5.1 Step 1: A Simple Simulation 

The teacher opens the GRAPPLE Authoring Tool for Adaptive Simulations. This has left panels with the 
CDM, SWM, CRTs, SRTs, and CSRTs. The CAM workspace is empty except for the start and end symbols. 
The elements from the left panels are represented pictorially (see Figure 13). A concept is represented by 
the name of the concept surrounded by a hexagon. A service is represented by the name of the service 
surrounded by a rectangle. A control point (i.e. a split or a join) is represented by the condition surrounded by 
an ellipse. An adaptive control point has an additional filled circle within the ellipse. A tag (concept or service) 
is represented by the name of the tag surrounded by a double rectangle. If multiple edges emerge from a 
single control point, each edge is annotated with a value. Figure 13 summarizes this representation. 

 

 

Figure 13: The Workflow Legend. 

 

The teacher wants to create a simpleScrumLearningActivity  that will cover the basics of the Scrum 
software methodology, namely, the sprint planning meeting, the sprint, the daily scrum, and the 
implementation of the items on the sprint burn down chart. He wants to teach this from the perspective of a 
scrum master and an implementation team member. He does not, presently, want to deal with the user 
stories, project backlog, sprint backlog, sprint retrospective meeting, etc. 

To begin, the teacher drags the isProjectComplete  control point from the SWM to the CAM. Edges can 
be automatically inferred from the SWM. An edge from the start symbol to the isProjectComplete  control 
point is automatically added. An edge from the isProjectComplete  control point to the end symbol, 
annotated with the value yes , is automatically added. A loop from the isProjectComplete  control point to 
itself, annotated with the value no is automatically added. At this point the teacher has created a very 
simplistic workflow of the Scrum software development methodology: start and do not finish until the project 
is complete. The teacher would like to associate the project concept with the isProjectComplete  control 
point. He drags the project concept from the CDM to the CAM and creates an undirected involves  CSRT 
edge between project and isProjectComplete . 

The contents of the CAM workspace at this stage are shown in Figure 14. 
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Figure 14: The Simple Scrum Learning Activity (Step 1). 

 

The teacher creates a learning activity around this one control point and names it 
simpleScrumLearningActivity . He could also associate the 
scrumSoftwareDevelopmentMethodology  concept with this learning activity by creating a directed 
implements  CSRT edge from simpleScrumLearningActivity  to 
scrumSoftwareDevelopmentMethodology . 

4.1.5.2 Step 2: More Services and Concepts 

The teacher expands on the workflow by dragging the sprintPlanningMeeting , 
addItemsToSprintBurnDownChart , isSprintComplete , scrumMeeting , isDayOver , 
finishForDay , hasAssignments , getItem , implementItem , and 
removeItemFromSprintBurnDownChart  services and control points from the SWM to the CAM. At this 
stage, the teacher feels the workflow is detailed enough for the simpleScrumLearningActivity . 

He drags the sprintPlanningMeeting  concept from the CDM to the CAM and creates a directed 
implements  CSRT edge from the sprintPlanningMeeting  service to the sprintPlanningMeeting  
concept. He drags the sprintBurnDownChart  concept from the CDM to the CAM and creates an 
undirected involves  CSRT edge from the addItemsToSprintBurnDownChart  service to the 
sprintBurnDownChart  concept. He drags the scrumMeeting  concept from the CDM to the CAM and 
creates a directed implements  CSRT edge from the scrumMeeting  service to the scrumMeeting  
concept. He drags the item  concept from the CDM to the CAM and creates undirected involves  CSRT 
edges from the getItem  service and the implementItem  service to the item  concept. He creates an 
undirected involves  CSRT edge from the removeItemFromSprintBurnDownChart  service to the 
sprintBurnDownChart  concept. He drags the sprint  concept from the CDM to the CAM and leaves it 
unconnected. He creates a learning activity from the isSprintComplete  control point to just before the 
end symbol and names it sprintLearningActivity . 

The contents of the CAM workspace at this stage are shown in Figure 15. 
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Figure 15: The Simple Scrum Learning Activity (Step 2). 

 

This scenario will be expanded upon in other deliverables, for example Deliverables D3.2a and D3.5a. 
However, for the purposes of this deliverable, the detail above will suffice. 

4.1.5.3 Requirements for the Domain Model 

The most substantive difference between the requirements for the DM in adaptive non-simulated and 
adaptive simulated learning environments is the addition of a Service Workflow Model (SWM). The Concept 
Domain Model (CDM), or simply Domain Model (DM) when the distinction is clear, is identical to that in the 
adaptive non-simulated learning environments. However, in adaptive simulated learning environments, the 
services also need to be modelled. These services (and their instances) describe the simulation itself. These 
are analogous to the concepts (and their associated content) in the non-simulated learning environment. An 
appropriate starting point when specifying the SWM is the concept of workflow [46]. 
 
We can use constructs like sequencing, splitting, joining, etc. to sequence and order the services in the 
simulation. These constructs can then be adapted to individual learners. For example, learners may need to 
repeat some service a certain number of times in order to familiarize themselves with a new service. We can 
represent this repetitive learning activity using a looping construct in a workflow language. However, the 
number of iterations may be adapted to an individual learner depending on the learner's characteristics, e.g. 
their proficiency with the service or their enthusiasm as perceived by the system. An alternative construct 
might adapt the workflow between the services depending on the role of the learner, e.g. scrum master or 
team member. Van der Aalst et al. [46] provides a survey of simple and complex workflow patterns that any 
workflow language may need to represent. For our purposes, we will require the following subset of workflow 
constructs: 

·  The sequence construct where flow proceeds unconditionally from one service to the next; 
·  The AND-split construct where the flow splits into any number of paths and all are followed in 

parallel; 
·  The XOR-split construct where the flow splits into any number of paths and only one is followed; 
·  The OR-split construct where the flow splits into any number of paths and any number are followed 

in parallel; 
·  The AND-join construct where any number of paths merge and the flow proceeds when all have 

reached this point; 
·  The XOR-join construct where any number of paths merge and the flow proceeds when and only 

when one has reached this point; and 
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·  The OR-join construct where any number of paths merges and the flow proceeds when each one 
has reached this point. 

 
These workflow constructs are the relationships between the services in the SWM. They are analogous to 
the relationships between the concepts in the CDM. They do not have a pedagogical aspect to them. The 
Service Relationship Types (SRTs) and Concept-Service Relationship Types (CSRTs), which are the analog 
of the Concept Relationship Types (CRTs) detailed in Deliverable D3.2a, provide the pedagogical 
relationships and cater for adaptivity. 
 
In effect, we require the DM (and its tool) to represent the services and the workflow constructs between 
them. This is a considerable departure from the usual functionality associated with the DM. However, it need 
not require much extra effort. We propose creating an abstract service concept, of which every service will 
be an instance (using an ‘is-a’ relationship), an abstract workflowConstruct concept, of which every workflow 
construct will be an instance, and an abstract flow concept, of which every flow or path in the workflow will be 
an instance. Then, to represent that the workflow after some serviceA splits into two paths leading to, say, 
serviceB and serviceC (e.g. after the scrumMeeting service in the scenario) we do the following. We model 
serviceA, serviceB, and serviceC as instances of service. We model andSplit as an instance of 
workflowConstruct. We model outServiceA, inServiceB, and inServiceC as instances of flow. Finally, we 
create ‘has-a’ relationships from outServiceA to serviceA and andSplit, from inServiceB to serviceB and 
andSplit, and from inServiceC to serviceC and andSplit. This representation allows to DM to differentiate 
between the concepts and services and the relationships between them. 
 
Of course, the authoring tool and delivery infrastructure for the adaptive simulations could provide ‘syntactic 
sugar’ to make this representation more practical and natural to read. It could represent the relationships 
between serviceA, serviceB, and serviceC using the graphical workflow constructs as shown in the figures in 
the scenario above. However, this simple transformation allows the same DM from the adaptive non-
simulated learning environments to handle these extensions using the canonical ‘is-a’ and ‘has-a’ 
relationships between concepts. 
 
To summarize, the DM can model the service and relationship between them without any explicit extensions. 
The simple pattern described above can be used to represent them, while the authoring tool and delivery 
infrastructure for the adaptive simulations will provide functionality to make this pattern more readable to the 
teacher. 
 

4.2 GRAPPLE requirements analysis and feasibility s tudy 

This session aims to analyse the requirements proposed by the end users through a series of interviews and 
meetings. The results of the interviews conducted with a series of people involved in the academic and 
industrial settings are documented in D10.1 and D9.1. 
 

4.2.1 Input from D9.1 and D10.1 and input from the chosen scenarios 

This section aims at analysing the scenarios proposed by WP9, WP10 and WP3 in order to identify single 
activities and the corresponding software components to be designed and implemented within the project 
framework.  

D3.1a illustrates four scenarios: 

1. Peter’s scenario: it has been proposed during the requirements collection conducted by WP10. It is 
the simplest scenario and highlights the following requirements: 

Req ID Description Related Req 
ID 

Priorities 

DM1 The authoring process starts by using the DM component 
to define the concepts and related relations. 

 1 
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DM2 The domain specific relationships are binary: the author 
can use a set of predefined relationships or he can define 
a new one. 

DM13 1 

DM3 The author will access the DM component through a GUI 
interface (web application). 

 1 

DM4 The DM component allows the author to link the concepts 
to the contents, and then the user can have a preview of 
the single concepts. 

DM15, DM28 2 

 

2. Martin’s scenario: it has been proposed during the requirements collection conducted by WP9. It is 
tailored to the academic context and highlights the following requirements: 

Req ID Description Related Req 
ID 

Priorities 

DM5 Some of the attributes/metadata may be generated 
automatically via the inheritance mechanism (e.g. target 
group, difficulty level) or from the current context (e.g. 
author, time of creation). 

 2 

DM6 The GRAPPLE authoring tool provides automatic help for 
specifying learning resources, attributes and relationships. 

 1 

DM7 In his Domain Maps, the author can adjust concepts, 
relationships, resources and attributes. 

 1 

 

3. John’s scenario: this scenario was elaborated by the partners involved in WP3 activities in order to 
describe the features requested by all the GRAPPLE partners. From the analysis of this scenario, we 
can get the following requirements: 

Req ID Description Related Req 
ID 

Priorities 

DM8 The DM component will have three different authoring 
roles:  

·  Administrator: he has full rights of editing, deletion 
of domain models, concepts and domain specific 
relationships 

·  Usage-only-author: he has only the rights to use 
the existing domain maps 

·  Editing-author: he has the rights to use existing 
domain maps and to create new ones. 

 2 

DM9 The author can base his new domain model on existing 
shared domain maps created by other authors or created 
by him. 

 1 
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DM10 There is a repository that stores all the domain models 
created in an authoring community context. This 
repository is named DM repository. 

 1 

DM11 The author can see which domain models are available 
and he can see their descriptions. 

 1 

DM12 The previously used concept names are available to the 
author as a library of terms. 

 2 

DM13 The predefined relationship types are available from a 
drop-down box. 

DM25 2 

DM14 The author associates to the single concepts some 
labels/metadata. 

 1 

DM15 The author can see how his domain model can be 
populated by activating a search that links his domain 
map to the content repository via metadata: the names of 
the concepts are mapped to meta-data in the content 
repository. The search results are available to the author. 

DM4, DM16 2 

DM16 The search results can display zero or more resources for 
each concept. 

DM15 2 

DM17 The author can choose if to make his domain model 
available to the other authors. 

 1 

DM18 In case of importing external domain model, the author will 
have his copy of it and he can change it without any 
modification on the original one. 

 2 

 

4. Solar system scenario: it is a specific scenario in the Virtual Reality context. It does not introduce 
new requirements concerning the DM component, the previous requirements cover all the steps and 
the functionalities requested by the third scenario.  

Req ID Description Related Req 
ID 

Priorities 

DM19 A resource can be connected to a sub-group of Domain 
Maps. 

 1 

DM20 The resource can be composite and the author can have 
access to the list of the related resources and make a 
preview of any of them. 

 1 

 

5. SCRUM scenario: it is a specific scenario in the Simulation context. It requires the introduction of a 
new component, the Service Workflow Model (SWM) that inserts the workflow mechanism into the 
GRAPPLE Authoring tool architecture. At this stage of the project, we can affirm that the SWM is 
part of the DM component tool and it will handle services that describe the simulations. 
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Req ID Description Related Req 
ID 

Priorities 

DM21 The Domain Model manages not only concepts but also 
services. 

DM22 1 

DM22 The Domain Model supports a set of workflow constructs 
(predefined relationships) made available by the CRT tool. 

DM21 1 

DM23 Need to distinguish concepts and services.  1 

 

4.2.2 System and Network requirements 

The DM component is part of the GRAPPLE Authoring tool kit and then it is necessary that the three 
components (DM, CAM and CRT) are properly connected to each other. 

They will be connected also to different repositories that store the data used by the single components. At 
this stage of the project it is not yet clear if any GRAPPLE Authoring tool will have its own repository or if it is 
possible to refer to only one repository. To start with, the components will work with different repositories, but 
make the formats of these repositories clear to the other component implementers, so that a later integration 
(data or server) is possible. This will mean that the components can handle both local and remote databases 
(via configuration files or via a common configuration file, e.g.).   

Furthermore, the GRAPPLE Authoring tool will have the access to the content repository to allow the user to 
have a preview of the single concepts and the content that would be applicable for those concepts, as 
described by requirement DM4. 

4.2.3 Data requirements 

The Domain Model component will provide input to another authoring component, the Conceptual Adaptation 
Model. Then it is necessary that the two components communicate gracefully by using a middle layer able to 
guarantee an appropriate conversion from the standard that will be used by the DM component (IMS VDEX) 
to the standard used by the CAM component (CAF). 

4.2.4 Usability requirements 

The most of the authors that will use the GRAPPLE Authoring tool during the deployment phases in WP9 
and WP10 will not have a technical background. This highlights the importance to have a tool user-friendly 
and efficient to use. Building an adaptive course involves some difficulties  

 

Req ID Description Related Req 
ID 

Priorities 

DM24 The author has to open only one application, the 
GRAPPLE Authoring Tool, to use the DM editor, the CAM 
and the CRT editor. 

 1 

DM25 The author has available a graphical tool to create 
concepts and to link them by using a drop down box. 

DM13 1 

DM26 The author will be able to understand quickly which 
concepts are connected (through links or other types of 

 1 
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representation). 

DM27 The author can simply drag and drop concepts.  2 

DM28 The author can preview his domain model at any time by 
using the concepts and the contents linked via metadata 
to the concepts. 

DM4 2 

DM29 The author can move easily from the DM tab to the other 
tabs (CAM or CRT). 

 1 

 

5 Definition and design of the Domain Model tool 

5.1 DM Component architecture 

In Figure 16 the architecture of the Domain Model component is represented: the top layer or interface layer 
is the web application Domain Model Editor that provides the GUI to the author. The GUI is simply the 
interface between the author and the Domain Model engine in charge of definition/creation of the new 
concepts and related relations and of management of the existing concepts made available by an authoring 
community. 

The Domain Model Engine will need a set of APIs that allow to access, update and retrieve data from the DM 
repository and to access and retrieve information from the Content repository. 

 

 

Figure 16: Domain Model component. 

The Domain Model is part of the GRAPPLE Authoring tool and then there is a strong dependency between 
the DM and the Conceptual Adaptation Model: the CAM will use the concepts and relations created by the 
Domain Editor to define its own structures. 

The Domain Model has to pass the Domain Maps with related concepts, relationships and related attributes 
to the Conceptual Adaptation Model. It is important to identify which attributes describe a Domain Map: 

Domain Map  

·  Name: title of the Domain Map 

·  CreationDate : creation date of the Domain Map 
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·  Author of the Domain Map 

·  Shared/Local : this flag indicates if this Domain Map has been made available to all the authors in 
the authoring community 

·  Description : it describes the scope of the Domain Maps 

·  Keywords : they are words used in a reference work to link to other Domain Maps 

·  Identifier : it identifies the single Domain Map. The identifier is extremely important when the Domain 
Map is shared among all the authoring community. 

·  Concepts 

o Name: title of the Concept 

o Identifier : it identifies the single concepts 

o Description : it describes the scope of the concepts 

o Keywords : they are words used in a reference work to link to other concepts 

o Resources : they are the contents linked to the single concepts 

�  Name: name of single resource 

�  Location : it indicates the path where the resource is available. If the Domain Map is 
available to all the community, the resources are stored in a Content Repository 
(see Figure 16) 

�  UsageType : any resource can be used in a different context such as introduction, 
image, body text, conclusion, .. 

�  Standard LOM metadata : they are the standard LOM metadata available for any 
resource 

·  Relationships 

o Name: name of the single relationship. 

 

Any Domain Map has to be composed by at least one concept and the concept can be connected by binary 
relationships. 

The author can add new attributes (custom attributes) to the single Domain Maps, Concepts, Resources and 
Relationships. 

5.2 Vocabulary of concept and concept types 

The IMS Vocabulary Definition Exchange (VDEX) specification defines a grammar for the exchange of value 
lists of various classes: collections often denoted "vocabulary". Specifically, IMS VDEX defines a grammar 
for the exchange of simple machine-readable lists of values, or terms, together with information that may aid 
a human being in understanding the meaning or applicability of the various terms. IMS VDEX may be used 
to express valid data for use in instances of IEEE LOM, IMS Metadata, IMS Learner Information Package 
and ADL SCORM, etc, for example. In these cases, the terms are often not human language words or 
phrases but more abstract tokens. IMS VDEX can also express strictly hierarchical schemes in a compact 
manner while allowing for more loose networks of relationship to be expressed if required. 
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Figure 17: VDEX Information Model. 

Thus the domain model provides learning objects enriched with metadata and interlinked with related 
concepts for an adaptive e-learning system. Based on the current requirements, specified by metadata and 
concepts, the system can retrieve relevant learning objects to be provided to the learner. Learning objects 
distributed in various repositories with associated metadata can nowadays be retrieved by means of 
federated search [42]. Early adopters have already started using these services. These users can be either 
learners via their learning environments, or teachers that need suitable materials to support their classes and 
possibly applying blended learning approaches. From the pedagogical point of view a seamless integration 
of content- and concept-based navigation, based on the domain model itself, can support cognitive flexibility 
and foster learning. 

5.3 GRAPPLE Domain Model and IMS VDEX 

IMS VDEX standard represents the format of the Domain Model structures elaborated by the Domain Model 
component and stored in the Domain Model repository. This standard has got a grammar that can be used in 
the GRAPPLE project context.  

Figure 17 identifies the key elements of the IMS VDEX grammar: 

·  Vocabulary: it corresponds to the GRAPPLE Domain Map 

·  Term: it corresponds to the GRAPPLE concept 

·  Relationship: it matches with the GRAPPLE relationship. 

 

The CAF format encodes Domain Maps that need to encode at least one concept, which has lists of 
attributes and resources. A sample of an IMS VDEX file is given below: 

 

<vdex orderSignificant ="true"  profileType ="hierarchicalTokenTerms"  language ="en"  
xsi:schemaLocation ="http://www.imsglobal.org/xsd/imsvdex_v1p0 imsvdex _v1p0.xsd"  
xmlns ="http://www.imsglobal.org/xsd/imsvdex_v1p0"  
xmlns:xsi ="http://www.w3.org/2001/XMLSchema-instance">  

<vocabName><langstring language ="en"> Astronomy </ langstring ></ vocabName> 
<vocabIdentifier >http://www.giuntilabs.it/currmap.xml </ vocabIdentifier >  

  < term > 

 <termIdentifier >500</ termIdentifier > 

 <caption > 
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 <langstring language ="en"> Jupiter </ langstring > 

 </ caption > 

 <description > 

 <langstring language ="en"> The largest planet in the Solar 
system </ langstring > 

 </ description > 

 <? possible concept attributes introduced by the auth or ?> 

<sequence > 

 <content > 

 <caption > 

<langstring language ="en"> Jupiter 
picture </ langstring > 

 </ caption > 

 <location > 
href=” http://en.wikipedia.org/wiki/Image:Jupiter.jpg ” 
</ location >  

 <label > Picture </ label > 

 <? resource attributes/metadata ?> 

 </ content > 

<content > 

 <caption > 

<langstring language ="en"> Jupiter 
description </ langstring > 

 </ caption > 

 <location > 
href="/scienceastronomy/061011_ap_jupiter_spots.htm l” 
</ location >  

 <label > Body text </ label > 

 <? resource attributes/metadata ?> 

 </ content > 

 </ sequence > 

</ term > 

<term > 

 <termIdentifier >501</ termIdentifier > 

 <caption > 

 <langstring language ="en"> Solar System </ langstring > 

   </ caption > 

  <?  attributes and resources ?> 

</ term > 

 

  <relationship > 
      <sourceTerm >501</ sourceTerm > 
      <targetTerm >500</ targetTerm > 
      <relationshipType> is-composed-by </ relationshipType > 
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    </ relationship > 
</ vdex > 
 

5.4 User Interface 

The GRAPPLE DM tool interface is shared with the other two components of the GRAPPLE Authoring Tools 
kit, CAM and CRT tools. The choice of the software tools is open: the partners involved in WP3 tasks have 
been evaluating a list of graphical tools able to satisfy the usability requirements. 

As displayed in Figure 18, the author launches GRAPPLE Authoring Tools application and he can access to 
the DM, CRT and CAM sessions. 

 

 

Figure 18: GRAPPLE Authoring Tool GUI. 

 
The author is able to create a new Domain Model or Domain Map, open a Domain Map available in local or 
open a Domain Map shared among the authoring community. Once opened a Domain Map, in this case 
Astronomy, the author can access to the Concept Editor where it is possible to create a new concept or 
import an existing concept from an external Domain Model, and he can a new relationship and attributes to 
the concepts (see Figure 19). 
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Figure 19: GRAPPLE DM concept editor. 

Then the author can access to the Relationship Editor where it is possible to create new relationship or edit 
or remove existing relationships (see Figure 20). 

Figure 20: GRAPPLE DM relationship editor.  
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In the Concept Editor the author can edit the single concepts by selecting them: a panel on the right allows 
the author to add new attributes, relationships and resources. The same panel displays the existing 
relationships and resources and the author can edit or remove them. The resources can be previewed and in 
case a resource is composite, the author can access to the list of the related single resources (see  

Figure 21). 

 

Figure 21: GRAPPLE DM Edit concept panel.  

One of the key requirements requested by the partners involved in WP3 is to allow the author to import an 
existing concept from an external Domain Model. Figure 22 shows how the tool will help the author in the 
process of importing concepts from existing and shared Domain Models of other 
authors.
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Figure 22: GRAPPLE DM Import concept panel.  

5.5 Constraints and limitations 

The main constraints concern the choice of the technology for the common shell and user interface. 

At the moment the partners involved in the project are investigating which technology is the most appropriate 
to satisfy all the requirements listed in chapter 4.2. 

The following requirements risk not to be satisfied: 

Req ID Description Related Req 
ID 

Priorities 

DM17 The author has available a graphical tool to create 
concepts and to link them by using a drop down box. 

DM10 1 

DM18 The author will be able to understand quickly which 
concepts are connected (through links or other types of 
representation). 

 1 

DM19 The author can simply drag and drop concepts.  2 

DM20 The author can preview his domain model at any time by 
using the concepts and the contents linked via metadata 
to the concepts. 

DM12, 
DM13, DM4 

2 

DM21 The author can move easily from the DM tab to the other 
tabs (CAM or CRT). 

 1 

 

Another important limitation concerns the import of concepts and relationships from the same shared 
Domain Maps in different steps: the import is focused on the concepts and the relationships that connect the 
selected concepts. Then in case in a first step a concept and in a second step another concept, the possible 
relationship that links the two will be lost. 
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