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Executive summary

This document and the attached Appendices report on the main activities carried out by WP10 
during the second year of the iTEC project. Activities performed during this period can be classified 
into two broad groups. On the one side, we can identify those tasks targeted to evaluate the 
ontology developed during the first year in the framework of WP10 and, from the outcomes of this 
evaluation and the evolution of the project and its objectives, the activities directed to maintaining
and updating the artefacts generated during the first year (T10.1.4 and T10.2.4). On the other side, 
we performed activities targeted to create a first functional version of the Scenario Development 
Environment (SDE). These activities cover the implementation and update of the functionalities 
related to both Technical Localization (T10.3.2 and T10.3.3) and Resource Planning (T10.4.2 and 
T10.4.3).  

The construction of the SDE has been the task that has concentrated most of WP10’s efforts 
during the second year. SDE construction has been driven by the methodology defined for these 
tasks in the Description of Work (DoW), which was elaborated in D10.1 and whose initial phases 
were completed during the first year. The most relevant artefact produced was the Reference 
Architecture, which establishes the guidelines, restrictions and communication interfaces with other 
systems, and must take us to the eventual construction of the software system. Taking as a 
foundation the Reference Architecture and use cases, both collected in D10.1, we implemented 
the first version of the SDE, which is reported in this D10.2. As the SDE does not provide a user 
interface because its functionalities will eventually be made available through the Composer 
(WP7), we paid special attention to the definition and documentation of the SDE Application 
Programming Interface (API). Through this API, the Composer or any other external system may 
access the services provided by the SDE. Among them, Resource Planning services are especially 
relevant as they will provide final users with recommendations on those resources (Tools, People, 
Events, Content) more suitable to implement a Learning Story in a specific school and educational 
context. This document includes a description of the implemented recommendation algorithms. We 
also justify the decisions taken during its implementation, identify the theoretical foundation of 
these algorithms and explore how the underlying data could be enriched from external sources.  

Services offered by the SDE are based on the execution of queries and inference processes on 
the SDE Knowledge Base, which collects all knowledge, implicit and explicit, needed by the SDE 
to perform its tasks. The Knowledge Base conforms to the ontological models generated by WP10 
during the first year of the project. The construction of this ontology was performed according to a 
rigorous methodological process. This process was defined in the DoW and elaborated in D10.1. 
The main outcomes from the application of this methodology are the Specification Model, the 
Conceptualization Model, the Formalization Model, the Coding Model and the Evaluation Model. 
The first four models were documented in D10.1, while this D10.2 collects the first evaluation of the 
ontology created during the first year. This evaluation is organized, as defined by the methodology, 
into a verification phase, a validation phase and an assessment phase. Performing this initial 
evaluation, together with the update of the requirements consequent on the evolution and refining 
of project objectives, were the main instruments used to maintain the ontology and to produce its 
first update, which is also discussed in this deliverable. 
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INTRODUCTION 

Reminder of the context 

European schools face an ever more demanding situation: despite the more and more 
sophisticated technological tools at its disposal, educational practice is in general not very 
motivating for present-day students, who have been used to interacting with new technologies 
since they were very young. Thus, a key question arises: how can we take the most from 
technological resources to engage students and improve educational practice? The iTEC project 
aims to face this situation by defining and developing new engaging scenarios for learning in future 
classrooms that can be validated in a large-scale pilot, and be subsequently taken to scale. 

The definition and planning of new educational scenarios proposed by iTEC present a demanding 
challenge to teachers. As the number and variety of elements that may be used to provide support 
to educational activities increase, teachers are often lost in locating and selecting the best 
resources. The offer of technological resources able to support and even improve educational 
activities in schools is larger and larger. This implicitly beneficial fact brings with it added difficulties 
for teachers who face the need to select resources from an ever-growing pool of options. Multiple 
aspects influence this selection. We have to consider the requirements necessary to satisfy the 
demands of an educational activity, but also the restrictions related to the technical compatibility of 
the selected resources, or the need to ensure that people using them will have the required 
qualifications. 

iTEC technological packages have among their purposes to contribute to solving this problem by 
developing the technological infrastructure needed to help teachers more easily discover, 
assemble and fully exploit these resources, such as educational digital content, events, and/or 
experts in a given field who may be enrolled when implementing an engaging scenario. Indeed, the 
iTEC project has among its main objectives “to build a prototype assistant for advising users how 
to find, select and combine resources that support the project scenarios”. 

The iTEC Composer and iTEC Scenario Development Environment (SDE) are the two key 
elements to eventually allow us to meet this goal. The former is a software application available to 
teachers and technical coordinators to register, manage, select and integrate these tools. The 
latter extends the functionality of the Composer, offering supporting services in the form of 
suggestions or recommendations oriented to assist teachers in their decision-making when 
selecting the most appropriate elements to deploy educational scenarios in a particular school. The 
iTEC project identified a research package, WP10, which will investigate and analyse the 
possibilities offered by semantic Web technologies to support the recommendations offered by the 
iTEC SDE. WP10’s main objective is to provide a degree of intelligence to the iTEC Composer to 
analyse the feasibility of a Learning Story in a specific school, offering at the same time 
recommendations on Resources (Tools, Content, Events and People) that will enable the creation 
of a Learning Activity and Resource Guide (LARG2) and eventually the Learning Story 
implementation. The artefact that will eventually provide this support is the iTEC SDE, a software 
engine based on semantic technologies to be integrated with the iTEC Composer to support the 
tasks below: 

                                                

2 A LARG is an artefact that extends the information included in a set of Learning Activities with the 
identification of those resources selected to implement them. 
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� Technical Localization : The iTEC SDE analyses the technical feasibility of a Learning 
Story and the Learning Activities included in it, taking into account the Tools available in a 
specific school, i.e. the Tools available in a specific Technical Setting.

� Resource Planning : The iTEC SDE analyses the requirements of a Learning Story and, 
taking into account the deployment context (i.e. the LARG Context), offers 
recommendations on Resources to facilitate the selection process when generating a 
LARG.

Therefore, a first benefit of the SDE is the possibility of automatically checking whether a Learning 
Story is feasible in a specific Technical Setting. This process, named “Technical Localization” is 
equivalent to the localization concept described in the iTEC DoW. Variants of it include returning 
the set of Technical Settings where a specific Learning Story can be implemented or which 
Learning Stories can be implemented in a specific Technical Setting. 

Secondly, the iTEC SDE will also improve the Resource Planning process, i.e. the creation of a 
LARG, offering a set of automatic recommendations to the user. This process corresponds to the 
planning process needed to create Lesson Plans, as described in the iTEC DoW. Therefore, the 
SDE is one of the key technological elements to support the practical implementation of the 
scenarios defined in iTEC. The iTEC SDE will enhance the functionality offered by the iTEC 
Composer by offering a set of recommendations for the Resources that should be used in a LARG 
implementing a Learning Story in a specific LARG Context (the set of parameters characterizing 
the context where the learning experience will eventually take place, for instance the Technical 
Setting, language, intended audience or learning subject). The user could benefit from the iTEC 
SDE by accepting these recommendations during the process of creating a LARG. This should be 
seen as an added functionality and not as a restriction, as the user could decide to skip one or all 
the recommendations provided by the iTEC SDE. 

Figure 1 illustrates the main elements interacting with the iTEC SDE. First, the knowledge base is 
fed with the descriptions of Tools, Events and People stored in the iTEC Registries and with the 
descriptions of content stored in the LRE. This initial database is processed by the SDE according 
to the rules defined in the Semantic Model, and could be enriched with elements in external data 
sources (e.g. Linked Data information sources). The definition of rules, semantic inference 
processes, and external data enrichment are research activities whose results may provide 
relevant benefits to the recommendation of Resources. 

As the iTEC SDE offers its main functionality through software interfaces, the end user will access 
the iTEC SDE recommendations through the iTEC Composer user interface. The SDE will receive 
requests from the Composer through the SDE API, which in turn will offer a portfolio of services to 
support Technical Localization and Resource Planning, as discussed above. 

Purpose and scope of the task 

WP10 activities during the first year produced the outcomes below: 

1) A comprehensive semantic characterization of the main elements participating in the 
processes “Technical Localization” and “Resource Planning” as described above. In 
particular, we have paid special attention to the formal description, as a semantic model, of 
learning experiences (learning stories, learning activities and LARGs), the tools available in 
schools (technical setting) to be able to support them, and other resources that can be 
used (people and events). 

2) A reference architecture for the SDE, defining its design principles and expected 
functionality. This architecture identifies the interfaces with other systems in iTEC and other 
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external systems. Besides, the features that the Composer may access through the API 
offered by the SDE are also identified. 

Figure 1. SDE dependencies with other components of  the iTEC Cloud 

Taking these products as a starting point, and according to the planning included in the DoW, the 
second year has been devoted primarily to creating the first version of the SDE and revising the 
developed models. All tasks included in the DoW have been fulfilled: 

·  Task 10.1 (M1-M48) Semantic modelling of Educational Scenarios and Technical 
Settings 

o T10.1.4 (M10-M48) Evaluation and Maintenance 
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·  Task 10.2 (M1-M48) Semantic Modelling of Resources and Services 

o T10.2.4 (M10-M48) Evaluation and Maintenance 

·  Task 10.3 (M1-M48) Scenario Localization 

o T10.3.2 (M6-M15) Implementation 

o T10.3.3 (M15-M48) Requirements update 

·  Task 10.4 (M1-M48) Planning 

o T10.4.2 (M6-M15) Implementation 

o T10.4.3 (M15-M48) Requirements update 

The ontology created during the first year has been updated within tasks T10.1.4 and T10.2.4 
Additionally, specific sections of the semantic model have also been updated according to the 
proposed methodology and taking into account the outcomes of the regular revision and internal 
discussion processes on the objectives and requirements of the project. Modifications have been 
validated by Control Boards, and they have been documented according to the working 
methodology proposed by WP10. 

Tasks T10.3.2, T10.3.3, T10.4.2 and T10.4.3 collect the most relevant part of the activities 
developed this year, as they correspond to the implementation of the first operational version of the 
SDE API. Methods implemented extend the functionalities provided by the Composer by 
introducing new services to facilitate Technical Localization and Resource Planning. 

WP10 has been conceived as a research-oriented work package intended to validate the 
advantages offered by semantic technologies to provide users with smart recommendations. This 
year, and as a part of the subtasks in task T10.4.3, the first steps have been taken in one of the 
most challenging areas of research in this work package, namely the enrichment of information. In 
this regard, a preliminary study has been performed on the possibilities presently offered by 
semantic technologies to identify and establish relations among heterogeneous data sources 
distributed over the network. Several preliminary experiments have been performed to 
demonstrate the potential of these technologies to establish relations among elements included in 
iTEC Registries (tools, events, people, contents) and equivalent resource descriptions from 
external data sources. 

Finally, we would like to point out that both the base model and the semantic rules feeding the 
SDE inference engines are constantly evolving. The development of the recommendation engine 
corresponds to an iterative process where results obtained during the first development stages are 
used as feedback for the next ones, to incrementally tune up the recommendations offered to 
users. Activities in tasks T10.3.3 and T10.4.3 are devoted to facilitating the constant evolution of 
software systems by adapting their final behaviour to the information and data sources available at 
all times.  

Relationship with other tasks 

WP10 has a close relationship with many iTEC work packages. This relationship stems from the 
fact that objects whose definition is provided by other work packages also have to be modelled. 
Besides, the actual technical architecture of the project implicitly defines relations among the work 
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packages involved. The main dependencies this second year correspond to WP3, WP4, WP7, 
WP8 and WP9. 

There is a strong relationship between the activities carried out by WP3 and WP10. WP3 includes 
among its responsibilities the generation of a set of Learning Activities and Learning Stories from a 
textual description of Educational Scenarios provided by WP2. The definition of Educational 
Scenarios facilitated by WP2 does not include enough detail to be adequately processed by an 
automated system. Thus, WP10 and WP3 had to work together to identify the characteristics 
defined for Learning Stories and Learning Activities, specifically those related to the requirements 
of the Resources needed to implement them. 

Following reviewers’ recommendations, WP4 was developing a competence model to take into 
account the teachers’ ICT skills when providing recommendations on technologies to be used in 
Learning Activities. WP10 provides support to WP4 to facilitate this task. While WP4 is in charge of 
the identification and definition of the competence model, WP10 proposes a formal model based 
on IMS RDCEO (IMS-GLC, 2002) to describe competences to be eventually used in 
recommendations. 

The iTEC SDE functionality is offered through a software interface that will be accessed by the 
iTEC Composer (WP7) to enrich the services offered to its users. In other words, the iTEC SDE 
does not have an actual user interface. Its functionality will be provided through the iTEC 
Composer’s user interface, which in turn is the main application in iTEC to support the practical 
implementation of Educational Scenarios in schools. Thus, the definition of the software services 
implemented by the SDE is used as input by WP7, more specifically, by task 7.2 (Implementation, 
and testing/support of iTEC shells and composer). The Composer will use the functionalities 
offered by the SDE to provide value-added services to its users. 

WP8 is in charge of the description and maintenance of the tools available to schools in the Widget 
Store. WP8 and WP10 jointly define the data model describing these tools to guarantee the 
coherence between the information stored in the Widget Store and that registered in the SDE’s 
Knowledge Base. 

Finally, as WP9 is in charge of the development of the People & Events Directory, WP10 must 
coordinate with WP9 to jointly specify the information sources and basic data fields to be collected 
for these two categories.  

Apart from the dependencies discussed above, practically all consortium partners contributed as 
domain experts in the Control Boards (CB). This facility is used as a revision panel for the system’s 
functional requirements, collecting together the visions of pedagogical and technological partners. 
In this way, we can guarantee that the final design of the SDE and the corresponding data models 
satisfy the requirements of both types of actors. Particularly, and besides their contribution to the 
validation of the ontological model and the identification of updates and improvements, in this 
second year CBs have been used to: (1) identify a first set of priorities guiding the SDE during the 
process of resource recommendation and (2) validate the ontology produced in Year One. In the 
first year CBs required some adjustments after their initial kick-off. This second year CB operation 
has been excellent. All CB members regularly and effectively contributed whenever their 
participation was required.  

Structure of the document 

This document is organized in two major parts according to the two main working lines assigned to 
WP10 in the framework of iTEC, namely 1) the development and maintenance of the ontological 
model (T10.1 and T10.2), and 2) the design and development of the SDE (T10.3 and T10.4). As a 
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separate document, nine Appendices are attached containing relevant descriptive information 
about the activities carried out during this second year. 

In accordance with the above pattern, Chapter 1 discusses in detail the activities performed in this 
period corresponding to tasks T10.3.2, T10.3.3, T10.4.2 and T10.4.3. It includes a higher-level 
vision of the structure, functionalities and recommendation mechanisms offered by the SDE. This 
chapter includes the sections below: 

·  SDE API (Section 1.1): This section includes a description of the interface offered to the 
Composer by the SDE to extend its functionality with Technical Localization and Resource 
Planning services. It offers a general overview of the interface, avoiding technical details, 
as its main objective is to serve as an introduction to the SDE API. To obtain further 
information on the API technical documentation, please refer to Appendix III of this 
document. 

·  Recommendation Algorithms (Section 1.2): This section discusses the main 
recommendation techniques implemented in the first operational version of the SDE. A 
rationale on the recommendation factors considered by the inference engine is also 
included, pointing out the influence of each of these factors on the final recommendations 
on resources provided by the SDE.  

·  SDE Implementation Details (Section 1.3): This section provides a description of the main 
components configuring the technical architecture of the SDE, including a description of the 
technologies used to implement it. 

The second chapter, Ontology Maintenance & Evaluation, discusses in detail the activities 
performed during this period corresponding to tasks T10.1.4 and T10.2.4. It describes the revision 
of the ontology developed during the first year together with the evaluation and validation of the 
models generated. This chapter is organized according to the sections below: 

·  Evaluation and Maintenance of Semantic Models (Section 2.1): This section includes a 
review of the main techniques and methodologies found in the literature to manage the 
evaluation and the life cycle of the semantic models. 

·  Ontology Evaluation (Section 2.2): This section describes the tasks performed to evaluate 
the correctness and completeness of the models proposed. More specifically, this section 
describes activities related to verification (making sure that definitions correctly implement 
the requirements of the ontology), validation (checking that the ontology definitions actually 
model the real world for which they were created) and assessment (evaluation of the 
ontology content from the viewpoint of the user). Details on the verification process are 
presented in Appendix VII. 

·  Ontology Maintenance/Updates (Section 2.3): This section introduces the most relevant 
updates performed on the semantic model due to the updating of the functional 
requirements of the project. Details on the maintenance tasks and ontology update are 
included in the Annexes document (cf. Appendix II and Appendix IX). 

Chapter 3 collects the bibliography referenced in the course of this document. 

Finally, an Annexes document gathers comprehensive documentation on all activities performed 
by WP10 during the second year of the project: 

· Appendix I: List of Abbreviations.  A comprehensive list of all the abbreviations used in 
this deliverable. 

· Appendix II: Control Boards.  Conclusions from these iterations are briefly presented in 
this appendix and included in Sections 1.2 and 2.2.2. 

· Appendix III: Full Specification of the SDE API.  Detailed description of all the methods, 
parameters and functionality provided by the set of methods available through the SDE 
API. 
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· Appendix IV: Enrichment of Data.  Results from a preliminary study to analyse the options 
available to enrich the information available on Resources from external sources.

· Appendix V: Information Extraction Wrappers.  Presentation of the main tools and 
techniques for information extraction from Web sources. This information is to be used to 
enrich data from iTEC sources. 

· Appendix VI: Methods and Frameworks for Record Link age in RDF . Presentation of 
the main techniques to identify relationships between objects stored in different data 
sources. 

· Appendix VII: Ontology Verification . Verification of the ontology developed in Year One 
through the implementation of the competency questions identified in its original design. 

· Appendix VIII: SDE API Pre-testing and Developers’ User Interfaces.  Description of the 
user interfaces developed to support developers in their use of the SDE API and to test its 
implementation. 

· Appendix IX: Details of the Ontology Update. Description of the updates that led to the 
second version of the ontology. 

Impacts of the Deliverable 

iTEC project 

All objectives included in the DoW for WP10 during the second year have been completely 
achieved. The first operational version of the SDE has been deployed according to the working 
plan, and the components of the semantic model have been revised and updated according to the 
new challenges and needs detected during the first pilots in schools. 

Review “Risk Analysis”

There are no new risks detected during the period under report.  

Ethical issues 

None.  

IPR issues 

None. 
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REPORT 

1. SCENARIO DEVELOPMENT ENVIRONMENT 

This chapter discusses the activities performed during the second year corresponding to tasks 
T10.3 and T10.4, whose main aim was to implement the first prototype of the Scenario 
Development Environment (SDE). The SDE is a software system based on semantic technologies 
that manages its own information models expressed as RDF triples (Beckett, 2004). The 
development, alignment and updating of this conceptual framework is performed within WP10’s 
tasks T10.1 and T10.2, whose most relevant results during the second year are discussed in 
Chapter 2.  

The SDE is a software package whose services are transparently integrated with those offered by 
the iTEC Composer to extend its functionality by providing recommendations to support the 
selection of resources. Therefore, the SDE does not provide an actual user interface, as other 
components in the iTEC Cloud will manage the interaction with final users. Each of the services 
implemented by the SDE is exposed to the world through the SDE API, whose main features (i.e. 
methods and data models) are briefly introduced in Section 1.1 and thoroughly described in 
Appendix III. The development of this API has been performed from the use cases in the SDE’s 
Reference Architecture, discussed in D10.1 Section 4.3 (Anido, Santos, Caeiro, Míguez, Cañas, & 
Fernández, 2011). Functionalities provided by this API can be classified into three categories (cf. 
Figure 2): 

A) Technical Localization: methods in this category support the identification of Learning 
Stories and Learning Activities that may be implemented in a school according to the 
technological resources available there. 

B) Resource Planning: collects methods targeted to support the location and recommendation 
of resources useful to implement a Learning Story / Learning Activity.  

C) Validation: it provides methods to support the automated analysis of the degree to which 
the selected resources in a LARG meet the requirements specified by a Learning Story. 

The recommendation process is undoubtedly one of the more complex activities supported by SDE 
methods. It is organized into three distinct steps:

1. Parsing and analysis of the requests received by the SDE API, and incorporation of 
relevance-related contextual information. 

2. Generation, according to the requests above, of one or more SPARQL semantic queries to 
the system’s Knowledge Base. This provides preliminary contextualized information 
filtering to retrieve only those resources that are potentially relevant to the active 
recommendation process. 

3. Estimation of the relevance of each resource according to the heuristics and algorithms.  

Section 1.2 analyses the existing alternatives for selecting recommendation algorithms, justifies 
the options taken, and discusses the recommendation factors considered by the present system. 

The greater the amount of information handled by the KB, the more accurate the recommendation 
results that can be obtained. The SDE relies on source data from existing iTEC registries, namely 
People & Events Directory, Learning Resource Exchange, Widget Store and Social Data 
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Manager.3 Each of these repositories acts, as defined by the iTEC Technical Architecture 
guidelines, as a Data Provider exposing its metadata in a structured way. The SDE periodically 
harvests each source, converts the retrieved information into an equivalent RDF expression, and 
processes it with an inference engine to extract new conclusions (i.e. RDF triples) from the original 
data. Presently, and according to the project’s implementation plan, we have completed the 
integration of the SDE’s KB with the LRE, together with an initial integration with the Widget Store. 

Figure 2. Overview of SDE 

The introduction of semantic technologies at the core of the SDE enables the utilization of external 
sources to complement the information available to enrich the resource descriptions stored in the 
registries (i.e. External Enrichment, cf. Figure 3). The linking of data from ITEC registries with data 
obtained from external sources is one of the most active research areas in the field of the 
Semantic Web. Particularly, the Linked Data network (Heath, 2012) has an enormous popularity 
among the scientific community. Presently, it includes 295 linked repositories with more than 31 
trillion4 RDF triples (Bizer, Jentzsch, & Cyganiak, 2011). During the second year we started to 
research the potential of these initiatives in relation to the recommendation processes. Appendix IV 
provides an initial study of this matter. There, we examine the potential of several repositories and 
external data sources to enrich the information managed by the SDE’s recommendation engine. 
More specifically, this work follows three different approaches: 1) automated search, using 
SPARQL queries, in Linked Data repositories; 2) access using proprietary APIs to Web sources 
containing potentially relevant information; and 3) parsing of publicly accessible sources over the 
Web. Detailed information about tools to support this process is in Appendix V and Appendix VI. 

                                                

3 The Social Data Manager (SDM), as described in the Year 2 iTEC technical architecture (Massart, 2012), 
is an element that is proposed to enable the gathering of feedback on the use of resources by users. The 
SDM should be available to users through those components in the iTEC Cloud directly interacting with final 
users. A final decision on its eventual integration in the iTEC project has been scheduled for Spring 2013. 
Therefore, the artefacts developed to support the SDM by WP10, both software components and elements in 
the ontology, will not be used until a joint decision is taken within the project. 

4 1 trillion = 1,000,000,000,000 
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Finally, Section 1.3 describes how the SDE’s technological components are internally organized. 
Here we aimed to provide a general overview of the final implementation, the technologies used, 
and the way they are orchestrated to meet the requirements identified in the Reference 
Architecture D10.1, Section 4 (Anido, Santos, Caeiro, Míguez, Cañas, & Fernández, 2011). 

Figure 3. Relations between SDE and information sou rces 

1.1. SDE Application Programming Interface (API) 

One of the main outcomes of WP10 is the provision of services to facilitate for other components 
the selection of the tools, people and events most suitable to support a given Learning Activity. 
According to the current iTEC technical architecture (Massart, 2012), the Composer will be the 
main client of this service. It will improve the final experience of teachers when configuring shells 
and selecting resources by putting together SDE services under a basic structure. Formerly, 
teachers performed these tasks with no further assistance. Now, an intelligent assistant offers 
recommendations on resources taking into account available technologies in the school and 
teachers’ knowledge and skills. 

This section is aimed at introducing the features of the SDE API, which is one of the main 
outcomes of WP10 during the second year of the Project. We provide an overall description, 
omitting most technical details. We focus on how SDE API methods are used to extend the 
functionality offered by the Composer and to offer new value-added services to the final user. 
Section 1.1.1 briefly describes the behaviour of each of the methods provided. Section 1.1.2 
includes a brief description of the supporting technology and communication protocols. Finally, 
Section 1.1.3 introduces some examples of the usage of SDE services based on common 
scenarios. The full documentation of the SDE API is available in Appendix III. 

1.1.1. SDE API Methods Description 

Each of the methods provided by the SDE API is briefly discussed below. Each method is 
introduced according to a basic structure including: method name; description; input parameters; 
and result. 
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As the methods exchange common data structures (e.g. a LARG), we will first introduce the 
elements that may be included in these basic structures (cf. Section 1.1.1.1). Method descriptions 
have been organized in three sections according to the major functionalities provided by the SDE 
API (Technical Localization, Resource Planning and LARG Validation). 

1.1.1.1. Data structures 

This section offers an overview of the main data structures used by SDE methods. For each 
structure we provide a graphical description including optional and required elements. Please refer 
to Appendix III for details. The graphical representation complies with the conventions below. 

Table 1. Graphic symbols used in the description of  the data structures 

Basic representation of a data element. 

A data structure including only one element. 

A data structure including all elements referenced (sequence). 

Dark grey connections represent required elements, while light grey 
ones represent optional elements. 

Tool Requirement. This data structure is used to represent a technical requirement in a Learning 
Activity. Requirements may be specified directly referring to a specific tool, or indirectly, by 
specifying all the properties that the tool must have.  

Figure 4. Tool_requirement data structure 
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Person Requirement. This data structure characterizes the requirements of a Learning Activity 
insofar as persons are concerned (e.g. an expert). This requirement may be specified directly 
referring to a specific person, or indirectly, by specifying all the characteristics required for the 
person.  

Figure 5. Person_requirement data structure 

Event Requirement. This data structure characterizes the requirements of a Learning Activity 
insofar as events are concerned. This requirement may be specified directly referring to a specific 
event, or indirectly, by specifying all the defining aspects of the event.  

Figure 6. Event_requirement data structure 
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Learning Content Requirement. This data structure characterizes the requirements of a Learning 
Activity insofar as Learning Content is concerned. This requirement may be specified directly 
referring to a specific piece of content, or indirectly, by specifying all the properties required for the 
content.  

Figure 7. Learning_content_requirement data structu re 

1.1.1.2. Technical Localization 

This section includes methods enabling the verification of the feasibility of the implementation of a 
Learning Story using the tools available in a school, identifying at the same time alternate options 
that will also satisfy the existing requirements. Functionalities offered by these methods are tightly 
bound to the technical feasibility analysis of a Learning Activity in a given context (i.e. a given 
school). This group of methods is particularly relevant for a person who wants to check which 
Learning Stories, from those defined by iTEC or other sources, could be eventually implemented in 
a particular set of schools under her responsibility. 

General Overview 

The technical feasibility analysis consists in identifying which tools available in a school’s Technical 
Setting satisfy the minimum requirements defined by a Learning Activity. 

When performing a Technical Localization of a Learning Story, the SDE should: 

1. Analyse the Learning Story to identify the minimum set of required functionalities. For this, 
Learning Activities in a Learning Story are analysed to extract their Technical 
Requirements, which in turn are specified according to the minimal functionality the tools to 
be used in the Learning Activity must provide (functionality_level,5 Figure 9). 

2. Analyse the Technical Setting of the school to identify, among the tools available, those 
that offer functionalities to cover the requirements of the Learning Activities (Figure 10). 

                                                

5 If the Learning Activity does not explicitly specify a minimal functionality_level (indicated by “-” in graphical 
representations), the SDE will use a default internally defined threshold. 
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Figure 9. Example of Learning Stories and Required Functionalities 

Figure 10. Example of the functionalities offered b y tools in a given Technical Setting 

3. Analyse to what extent each of the tools can satisfy the requirements of the Learning 
Activity (Figure 11, Figure 12 and Figure 13). For example, in the case of these figures this 
analysis includes:  

a. The smartphone satisfies the requirement “Share” but does not satisfy the 
requirement “Capture” because its functionality level6 (7) is below the minimal 
functionality level required for Video Capture (9,5). 

                                                

6 The functionality level defined “to what extent” a tool provides a given functionality. It follows the same 
approach as the iCamp project (http://www.icamp.eu) and the affordances defined there. This value is set at 
the time of cataloguing the tool, although other approaches based on enrichment techniques (see Appendix 
IV) may be considered. 
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b. The webcam does not satisfy any of the requirements because it does not offer all 
the required functionalities. 

c. YouTube satisfies the requirement “Share” but does not offer any functionality to 
satisfy the requirement “Capture”. 

4. According to this analysis, a list of valid tools is created from the available tools. In this 
example, “YouTube” and “smartphone” will satisfy the requirement “Share”, and no tool will 
satisfy the requirement “Capture”.  

Figure 11. Requirement satisfaction analysis for a smartphone 

Figure 12. Requirement satisfaction analysis for a webcam 
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Figure 13. Requirement satisfaction analysis for Yo uTube 

A technical feasibility analysis of a Learning Story is not a yes/no, i.e. Feasible / Not Feasible 
operation, but a detailed analysis of the degree to which a Learning Story and its Learning 
Activities are feasible according to the total number of satisfied requirements. Taking this 
information as a starting point, the SDE classifies each Learning Activity or Learning Story into one 
of three categories,7 namely Completely Feasible, Partially Feasible, and Not Feasible. 
Additionally, in the case of a Learning Activity, SDE methods compute the percentage of satisfied 
requirements. For a Learning Story, the percentage of feasible Learning Activities, either totally or 
partially, is also computed. 

Taking into account the examples above, the feasibility analysis of Learning Story “Reacting to 
student feedback” will offer the result “Partially Feasible”, as only 50% of the requirements are 
satisfied. Both YouTube and smartphone are identified as valid tools to support the requirement 
“Share”, while no tools are available in the Technical Setting to completely satisfy the requirement 
“Capture”.  

Methods 

Assess.Technical.Feasibility

Performs the analysis of the degree of feasibility of a Learning Story in a given school. Taking into 
account the tools available in the school’s Technical Setting, it identifies those that may be used in 
the Learning Story’s Learning Activities. 

Input Parameters: 

· learning_story_id: Unique identifier of the Learning Story to be analysed.  
· technical_setting_id: Unique identifier of the set of tools available to the school.  
· minimum_level: If provided, this parameter relaxes or strengthens the conditions on which 

the analysis is performed. It provides a minimum value for the functionality that a tool 
should offer for the SDE to accept it as a tool satisfying the requirement.  

                                                

7 The SDE uses several decision thresholds to classify each element in one of these categories. These 
thresholds are part of the SDE configuration variables and are explained in Appendix III. 
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Result: 

Technical feasibility analysis of the Learning Story, including: 

·  Global feasibility level (Completely Feasible / Partially Feasible / Not Feasible). 
·  Percentage of totally or partially feasible Learning Activities. 
·  Percentage of satisfied requirements.  
·  A list of valid tools from the Technical Setting for each of the requirements. 

Get.Feasible.Learning.Stories

Provides a simplified feasibility analysis for a set of Learning Stories. This method identifies which 
Learning Stories may be put into practice in a given school. 

Input Parameters: 

· technical_setting_id: Unique identifier of the set of tools available to the school 
· learning_stories: List of identifiers of the Learning Stories to be analysed. 

Result: 

Technical feasibility analysis of each Learning Story, including: 

·  Global feasibility level (Completely Feasible / Partially Feasible / Not Feasible). 
·  Percentage of totally or partially feasible Learning Activities. 
·  Percentage of satisfied requirements.  

Get.Suitable.Technical.Settings

Identifies the schools where it is possible to implement a given Learning Story. For example, 
National Coordinators may use this method to simplify the selection of pilot schools. 

Input Parameters: 

· learning_story_id: Unique identifier of the Learning Story to be analysed. 
· technical_settings: List of identifiers of the Technical Settings to be analysed. 

Result: 

Simplified analysis of the technical feasibility of a Learning Story for each school, including: 

·  Global feasibility level (Completely Feasible / Partially Feasible / Not Feasible). 
·  Percentage of totally or partially feasible Learning Activities. 
·  Percentage of satisfied requirements.  

1.1.1.3. Resource Planning 

This section includes methods to facilitate the creation of sorted lists of resources to support a 
given Learning Activity. Methods are classified into two groups: 

· Recommendation-oriented Methods: these methods analyse the requirements defined for 
each Learning Activity. According to this, they select from the resources available at the 
school those better adapted to the needs of each Learning Activity. 
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· Search-oriented Methods: they support the selection of resources that may be relevant for 
a given user without considering the specific restrictions of a LARG. Besides considering 
the resources available at a school, they support the selection of resources from the 
complete knowledge base of the system. 

Recommendation-oriented methods consider two key aspects: 

1) The set of activities configuring the LARG that can be freely selected and/or modified by the 
teacher. 

2) The context where these activities will take place (i.e. LARG Context). Basic aspects, such 
as the activity topic, the teaching language or the dates when the activity will be developed, 
may have a relevant impact on the number and type of resources needed to support it. 

Methods 

Create.LARG

Selects the most suitable resources to satisfy the requirements of a set of Learning Activities, and 
automatically creates a preconfigured LARG to be used by the teacher. 

Input Parameters: 

· larg: Set of Learning Activities to be used by the SDE to perform an automated planning.  

Result: 

A completely configured LARG. If the requirements of the Learning Activities cannot be fulfilled 
using the resources available, a report on the degree of fulfilment of each requirement is returned, 
including the reasons why they are not satisfied.  

Recommend.Resources

Provides recommendations on resources (tools, people, events and learning contents) fulfilling the 
restrictions of a specific LARG. 

Input Parameters: 

· larg: LARG specification for which recommendations are requested. 
· learning_activities: If present, this parameter defines a subset of Learning Activities in the 

LARG for which recommendations are requested. 
· max_results: If present, indicates the maximum number of recommendations returned for 

each requirement.  

Result: 

A list of Learning Activities, with information on which requirements can be satisfied, and a list of 
recommended resources for each requirement. 

Recommend.Events 

Provides recommendations on events fulfilling the restrictions of a specific LARG. 

Input Parameters: 
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· larg: LARG specification for which recommendations are requested. 
· learning_activities: If present, this parameter defines a subset of Learning Activities in the 

LARG for which recommendations are requested. 
· max_results: If present, indicates the maximum number of recommendations returned for 

each requirement.  

Result: 

A list of Learning Activities, with information on which requirements can be satisfied, and a list of 
recommended events for each requirement. 

Note:  Methods Recommend.Learning.Contents, Recommend.People and Recommend.
Tools are similar to Recommend.Events, except that the type of target resource is different. 
No further description is provided in this document for these later methods. A detailed 
description is available in Appendix III.  

Search.Events 

Returns events in the knowledge base satisfying the restrictions specified. 

Input Parameters: 

· event_requirement: Specification of the requirements that must be satisfied by the target 
events. This specification can be an actual event (Direct Requirement) to be used as a 
model, or a list of the characteristics desired for the events (Specification Requirement). In 
the former case, similar events will be returned to the one provided as a model. 

· max_results: If provided, this parameter defines the maximum number of resources 
returned.  

Result: 

A list of events sorted according to the level of satisfaction of the specified requirements.  

Note:  Methods Search.Learning.Contents, Search.People and Search.Tools are similar to 
Search.Events. The only difference is the type of resource on which the KB search will be 
performed. The first parameter of these methods also depends on the type of resource 
(learning_content_requirement, person_requirement or tool_requirement). A full description 
is available in Appendix III. 

1.1.1.4. LARG Validation 

Methods in this section facilitate the analysis of the resources selected by a teacher by validating 
the degree of satisfaction of the requirements in each of the Learning Activities in the LARG. 

Methods 

Validate.LARG 

It analyses whether the current selection of resources (Tool, Person, Event and Learning Content) 
satisfies the requirements defined by the set of Learning Activities included in the LARG.  

Input Parameters: 
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· larg: Specification of the LARG to be validated.  
· learning_activities: If present, this parameter defines a subset of Learning Activities in the 

LARG to be validated.  

Result: 

An individual analysis of each Learning Activity in a LARG, identifying to what extent the resources 
selected satisfy the requirements in the LARG. If requirements are not satisfied, information about 
the reasons is also included. 

Analyse.Event.Requirements 

It analyses whether the current selection of events satisfies the requirements defined by the set of 
Learning Activities included in the LARG.  

Input Parameters: 

· larg: Specification of the LARG to be validated.  
· learning_activities: If present, this parameter defines a subset of Learning Activities in the 

LARG to be validated.  

Result: 

An individual analysis of each Learning Activity in a LARG, identifying to what extent the events 
selected satisfy the requirements in the LARG. If requirements are not satisfied, information about 
the reasons is also included. 

Note:  Methods Analyse.Learning.Content.Requirements, Analyse.Person.Requirements and 
Analyse.Tool.Requirements have a similar behaviour. A full description is in Appendix III. 

1.1.2. Method invocation 

Requests to the iTEC back-end are done via the JSON-RPC protocol over HTTP. You will need to 
be able to send HTTP POST calls from the platform of your choice. Insofar as invocation is 
concerned, each method has a unique identifier “request id”, and all methods are stateless. 

Services provided are available at: 

http://itec.det.uvigo.es/itec-sde/wservices/ws

Besides the information provided in this document, the digital version of this guide includes testing 
tools and JSON Schemes8 for requests and responses of each method in the API. The digital 
version of this guide is available at: 

http://itec.det.uvigo.es/itec-sde/apidoc/index.html

                                                

8 http://json-schema.org/
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The request (method invocation) is composed of four items: 

1. jsonrpc: protocol version number. It must be the string: “2.0”. 
2. id: request unique identifier that will be echoed in the response message. 
3. method name: just a string with the method name you wish to invoke. 
4. params: a (JSON) object passed to the method. The params structure will depend on the 

specific method being invoked.  

The response is composed of three items: 

1. jsonrpc: protocol version number. It must be the string: “2.0”. 
2. id: an echo of the request id. 
3. one of these parameters: 

a. result: JSON string produced by the invoked method. It is required on success, 
omitted on failure. 

b. error: JSON string explaining the error, issued by the JSON-RPC server. It is 
required on error, omitted on success. 

In method invocations params must follow its corresponding JSON schema. The schema 
completely specifies the data structure, required and optional fields, as well as the expected data 
types or enumerations. Please refer to Appendix III for more specific details. 

Figure 14. Basic structure of methods requests and responses 

An example invocation of an API method (“Get.Feasible.Learning.Stories” in this case) using 
JSON-RPC is illustrated below: 

{ 

    "jsonrpc": "2.0", 

    "id": "request-001", 

    "method": "Get.Feasible.Learning.Stories", 

    "params": [ 

        { 

            "technical_setting_id": "tsVigo1", 

            "learning_stories": [ 
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                "ls1", 

                "ls5" 

            ] 

        } 

    ], 

}

A successful response to the request above will look like:  
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If errors are encountered, we will obtain a response of the form:  
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1.1.3. Usage scenarios  

In this section we discuss some SDE API usage scenarios. We identify execution sequences 
related to situations that a final user might face.9 Once the services offered by the SDE have been 
integrated in the Composer, it will support Technical Coordinators in identifying the schools where 

                                                

9 Final users Access SDE functionalities through the Composer interface (WP7). 
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it is possible to implement a given Learning Story taking into account the tools available there. 
Figure 15 shows how (methods in) the SDE support this task:  

1) The Technical Coordinator selects a Learning Story, and the Composer, through the SDE, 
reports in which schools (under the Technical Coordinator’s jurisdiction) it can be 
implemented. 

2) The SDE reports that, according to the tools available, the Learning Story may be 
implemented in schools A and B, but not in schools C and D. 

3) As the feasibility level of school C is relatively high (45%), the Technical Coordinator wishes 
to know the reasons why this Learning Story cannot be implemented in that school. The 
SDE provides a detailed feasibility analysis for school C, and generates a report including 
the requirements that cannot be satisfied using the tools available. 

4) On the basis of this analysis, the Technical Coordinator requests the Composer to return a 
list of tools that may be included in the Technical Setting of school C to support the 
activities in the Learning Story. In turn, the Composer uses the SDE advanced searching 
features to provide a set of tools satisfying the requirements of the Learning Activities. 

5) The Technical Coordinator provides these tools to school C, and includes them in its 
Technical Setting. The Technical Coordinator checks the feasibility again. 

6) The SDE performs a new feasibility analysis. This time, the result is OK. 
7) Finally, as the degree of feasibility in school D is too low, the Technical Coordinator decides 

not to implement the Learning Story there. In turn, it checks which additional Learning 
Stories in the iTEC Learning Story registry may be implemented with the tools available. 
The SDE communicates with the Composer to provide the Technical Coordinator with a list 
of Learning Stories, sorted according to their feasibility.  

Another major functional area of the SDE is the selection of resources to support Learning 
Activities. Once the SDE services are available through the Composer, it may assist teachers 
during this process. The Composer will offer recommendations on resources adapted to the 
needs and characteristics of a given teacher and school. Figure 16 illustrates how methods in 
the SDE support this task: 

1) The teacher selects a Learning Story to be implemented, and identifies the “context” 
(LARG Context) where the Learning Story will take place. The LARG Context includes, 
among others, the topic (Dinosaurs), the teaching language (Spanish), or the dates 
when the activity will be performed (01/11/2012-31/12/2012). 

2) The teacher requests the Composer to provide recommendations on the most suitable 
tools among those available to implement the Learning Story in the teacher’s 
classroom. The Composer accesses the SDE to check whether the Learning Story is 
feasible in that specific school, and to get a ranked list of tools according to the actual 
needs. 

3) Through the Composer’s user interface, the teacher selects which tools to use, and 
includes them in the corresponding LARG. 

4) Next, the teacher requests recommendations on additional types of resources (People 
and Events) that may be relevant for the implementation of the Learning Story. The 
SDE searches these resources in its knowledge base, but there is no resource 
available satisfying the requirements. The user receives a notification including the 
reasons why no existing resource will do: 

a. There is no Dinosaurs expert available fluent in Spanish. 
b. There are no events related to Dinosaurs at the dates specified in the LARG 

Context. 
5) The teacher considers that some events on Dinosaurs will raise the interest of the 

students, and queries the Composer for events at other dates. The Composer 
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performs a new search with the new parameters using the SDE, and finds some 
relevant events. 

Figure 15. Usage example of Technical Localization methods 

6) As a consequence, the teacher decides to relax some of the restrictions in the LARG 
Context. The dates for the Learning Activities are changed (01/01/2013 to 28/02/2013) 
to include some relevant events. Besides, the language restriction is weakened to 
accept English-speaking experts. 

7) Using the updated context, the teacher requests new recommendations on Events and 
People. The Composer, with the aid of the services provided by the SDE, provides a 
list of Persons and Events sorted according to the degree of fulfilment of the 
requirements of the Learning Activities. 

8) The teacher revises the lists and selects some Events and People to be included in the 
LARG. Finally, the teacher wants to check whether everything is OK with the new 
selection and the LARG satisfies all the requirements. The Composer submits to the 
SDE a validation request for the LARG. In turn, the SDE detects that Skype is needed 
to interact with one of the selected experts. This tool had not been included in the 
school’s Technical Setting. 

9) The teacher creates a Skype account and includes this tool in the Technical Setting. 
The teacher checks again whether everything is OK now with the new LARG. 

10) The SDE performs a new analysis and returns a positive result. 
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Figure 16. Usage example of Resource Planning metho ds 
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The usage scenarios in the two examples above have been designed to show the new 
functionalities that the SDE provides to the Composer. The typical teacher’s interaction could be as 
simple as follows (cf. Figure 17): 

1) The teacher selects a Learning Story to be implemented. The SDE checks the feasibility of 
that Learning Story taking into account the tools available in the school’s Technical Setting. 

2) The teacher identifies the LARG Context where the Learning Story will be deployed and 
requests the automated generation of a LARG satisfying the LARG Context. 

3) The Composer passes the request to the SDE, which in turn analyses and processes the 
requirements, finds the resources needed, and automatically selects the most relevant 
ones. As a result, a completely configured LARG is returned to the teacher. 

Figure 17. Usage example of LARG automatic configur ation 

1.2. Recommendation Algorithms 

As discussed in Section 1.1.1.3, Resource Planning methods offered by the SDE produce sorted 
lists of resources most suitable to the particular needs of Learning Activities in a LARG. To 
compute these lists, these methods consider the collection of predefined requirements defined for 
activities in a LARG, and also the corresponding educational context where these activities will 
take place (i.e. students’ age range, language of activities, available technical setting, etc.; cf. 
Figure 18). Taking all this information into account, the SDE analyses the data in its Knowledge 
Base to fetch the resources potentially most suitable to that particular situation. 
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Figure 18. Relations among concepts LARG, Learning Activity, LARGContext and Requirement 

Broadly speaking, the process of composing sorted lists of resources performed by the SDE is 
organized into three distinct phases (cf. Figure 19):

· Pre-processing: input data are processed, particularly Learning Activities Requirements and 
LARG Context, to create a formal description of extended requirements taking into account 
the needs of the activities and the realization context. 

· Filtering: a semantic query is composed using the extended requirements mentioned 
above. This query is sent to the Knowledge Base (KB) to fetch a list of potentially valid 
resources to execute the activities. 

· Relevance calculation (sorting): the SDE computes an estimated relevance value for each 
of the resources in the list obtained from the previous stage. Resources obtained are sorted 
according to this relevance value. 
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Figure 19. The process of obtaining sorted lists of  resources 

The aim of this section is to discuss the algorithm driving this last stage, i.e. to introduce the 
inner workings of the SDE to estimate the relevance of candidate resources. Prior to this 
description, we will briefly discuss in Section 1.2.1 the theoretical foundations of the 
recommendation problem. For this, we will introduce some classical strategies and the role of 
multicriteria systems in the design of recommendation systems. After that, we will describe in 
Section 1.2.2 the algorithm used by the SDE, together with the various factors taken into 
account for relevance calculation. 

1.2.1. A theoretical approximation to recommendatio n systems 

As discussed in Ricci, Rokach, Shapira, & Kantor (2011):  

“Recommender Systems are software tools and techniques providing suggestions for 
items to be of use to a user. The suggestions provided are aimed at supporting their 
users in various decision-making processes, such as what items to buy, what music to 
listen to, or what news to read.” 

Traditionally, users of recommendation systems provide ratings for some of the items, and the 
system uses these ratings to estimate additional ratings for the items not yet assessed (Resnick & 
Varian, 1997). This approach is fairly flexible insofar as the output parameters are concerned, but it 
is limited if we consider the input information available, as it does not consider, among other things, 
systems basing their recommendations on objective information about the items to be 
recommended. Presently we may apply the term “recommender” to any system offering 
personalized recommendations or being able to guide the user in a personalized way, selecting the 
most useful services from a variable-sized collection (Burke, 2002). Indeed, the main differences 
between a recommender and a search engine (or an information retrieval system) are related to 
the personalization of the results obtained (Burke, 2002). Recommenders had a clear social 
attractiveness even before the deployment of the information society, and they became basic 
building blocks of new online applications, mainly for electronic commerce and digital leisure 
services. 
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To provide a formal definition of a recommender (Adomavicius & Tuzhilin, 2005), let �  be the set of 
all users, and �  the set of objects that may be recommended. Let � � � � �� � �  be a utility function 
to compute the rating (� ), i.e. the estimated degree of interest a user � � �  has in an object s � � . 
Recommendation consists in finding objects � �  having the largest ratings, i.e.: 

� � � � � � � � ��� ��� � � � �	 � � � � 	 (1)

Recommendation algorithms use techniques from Artificial Intelligence, Data Mining, Statistics or 
Marketing, among many others. Traditionally, recommendation methods are classified as: 

· Content-based Methods (Pazzani & Billsus, 2007). In a broad sense, content-based 
methods analyse object descriptions (i.e. their declared characteristics) to identify similar 
objects to those a user has already identified as relevant. Typically, rating � � � � � �  is 
estimated according to rating � � � � � ��  defined by the user, where � � is an object similar to �
according to that user. In this way, recommendations are performed with no dependence 
on the information provided by other users in the system. These algorithms, which are 
typically used in online shops, are particularly useful when an appropriate characterization 
of objects exists. By their nature, these algorithms have two basic drawbacks, namely over-
specialization, which occurs when the system recommends only objects too similar to those 
already rated by the user; and cold-start, which leaves new users having so far rated few 
objects poorly recommended. 

· Collaborative Methods�(Schafer, Frankowski, Herlocker, & Sen, 2007). They are based on 
the information jointly provided by many users. Typically, systems utilizing a collaborative 
recommendation system estimate � � � � � �  according to the ratings � � � �� � �  defined by users 
� � for object � , where � � are users similar to user � . In this case, the intrinsic properties of 
object �  are not taken into account for relevance calculation. These algorithms typically do 
not experience over-specialization, but they experience cold-start. Besides, these 
algorithms must handle sparsity, which appears when few users rate many objects, which 
hinders the identification of similar users. Another drawback is the difficulty of handling 
users with rare or rapidly changing preferences. These algorithms are among the most 
implemented due to their simplicity and the relatively high quality of the results provided. 

· Hybrid Methods. To overcome the drawbacks of the two solutions above, and to make the 
most of their advantages, many recommendation systems are based on algorithms 
combining both approaches. This blending of recommendation methods may be performed 
in different ways (Adomavicius & Tuzhilin, 2005), namely i) by independently computing 
ratings according to each of the approaches, and then combining the results obtained, ii) by 
using one solution to refine the results provided by the other, and iii) by defining a unified 
algorithm intrinsically implementing both approaches. 

Contributions during the last year provide additional classifications for recommendation systems 
(Ricci, Rokach, Shapira, & Kantor, 2011). In most cases, due to the broad nature of traditional 
definitions, they may be considered specializations. The most relevant are summarized below: 

· Utility- and knowledge-based. They provide recommendations according to users’ needs 
and preferences, and not only according to previously declared user ratings. This requires 
an appropriate and consistent characterization both of users and objects. Information about 
users is mapped to the knowledge about objects to be recommended. The main challenge 
of this approach is to define an appropriate function to estimate the utility of an object 
according to the users’ needs and preferences.

· Based on demographic factors. These solutions classify users according to their profile, 
and provide recommendations based on demographic groups. As above, the main benefit 
of this demographic approach is that cold-start is avoided because they do not need ratings 
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from users to proceed. The original systems in this category were based on manually 
defined heuristics according to predefined confidence intervals (e.g. an individual aged 20-
30 prefers pop music). However, there are techniques similar to collaborative filtering 
techniques that can provide these heuristics. 

· Based on economic factors. They compute ratings according to factors such as the quality-
price relation in an online shop, or size-bandwidth relation in a telecommunication 
service. Although most users apply this approach instinctively, its introduction in 
automated recommendation systems is fairly marginal. 

· Community-based. They provide recommendations according to the preferences of users’ 
friends. This approach is based on the fact that people tend to rely more on 
recommendations from their friends than on those from anonymous individuals, even 
when some similarities with the latter appear. Research related to these systems is still 
in an early stage, and its effectiveness is not yet clear. However, due to the proliferation 
of social networks, it may become a popular approach in the near future.

· Context-based. These systems take into account available contextual information to adapt 
recommendations to these particular circumstances. In this way, they extend the classic 
two-dimensional model to a multidimensional one that considers aspects such as time of 
day (i.e. they may provide different recommendations in the morning or afternoon), users’ 
location, emotional state, access device, etc.

In the case of the SDE, we will follow an approach similar to the utility- and knowledge-based 
solutions. It should be noted that we will try to locate resources to estimate their utility to fulfil 
the requirements of Learning Activities, taking into account the descriptions available about 
these resources. More specifically, as there are many factors characterizing a resource (e.g. a 
tool is characterized by its functionalities, the languages supported, usage cost), we will follow 
an approach combining the estimated partial utility of a resource according to each of these 
factors. Depending on the nature of these factors, each partial utility function will follow a 
content-based, collaborative-based or hybrid approach. Thus, the SDE may be classified as a 
multicriteria recommendation system, which will be further discussed below. 

1.2.1.1. Multicriteria recommendation systems 

Multiple Criteria Decision Analysis (MCDA) is a fairly mature and active research field providing 
techniques and methods targeted to support the selection of the best alternative in systems where 
multiple criteria conflict and compete with one another. In recent years, contributions have been 
made in different fields (Plantie, Montmain, & Dray, 2005), (Lakiotaki, Tsafarakis, & Matsatsinis, 
2008), (Matsatsinis, Lakiotaki, & Delias, 2007), (Manouselis & Matsatsinis, 2001). These systems, 
called multicriteria recommendation systems, take into account several rating factors to offer 
recommendations by using a utility function (equation 1) which reduces the problem to a single-
criterion recommendation. As an example, Lakiotaki, Tsafarakis, & Matsatsinis (2008) propose the 
UTA* algorithm using the utility function in equation 2: 

� � 	 � � � 
 � � � � � � � 


�

� ��

 (2) 

where: 

� ���  Ratings vector 

� � � ��� �  Utility function 
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�  Number of criteria 

� �  Rating according to the i-th criterion 

� � � � � �  Utility function for the i-th criterion  

Taking as a foundation existing theories and research in this field, (Adomavicius, Manouselis, & 
Kwon, 2011), (Lakiotaki, Matsatsinis, & Tsoukià ands, 2011), (Liu, Mehandjiev, & Xu, 2011) 
propose to treat the recommendation problem as a multicriteria decision problem according to the 
methodology in Roy (1996) to model this class of problems. According to this methodology, we can 
identify four analysis steps or levels when analysing a decision-making problem: 

· Level 1. Object of Decision.  In this first stage we define the purpose of the decision 
system to be developed among those below: 

o Choice: to select the most appropriate elements for a given user.
o Sorting: to classify all the elements available into categories, according to their 

appropriateness for a given user.
o Ranking: to sort the elements according to their appropriateness for a given user, to 

provide a sorted list, from best to worst alternative.
o Description: to describe the appropriateness of an element according to the rating 

criteria.
· Level 2. Family of Criteria. The second stage is devoted to identifying the criteria to be 

used. A criterion is any artefact or factor that enables the comparison of different 
alternatives according to a given point of view (Roy, 1996). More precisely, we can formally 
define a criterion as a real-valued, non-decreasing function, defined for the set of 
alternatives  , to compare the apropriateness of these alternatives: 

� � �  � � � � � � � � � �
� � 	 
 � � � 	 � � � � 
 (3) 

where: 

� � � � � � �
� � i-th rating criterion scale

� � � � 
 Rating of �  according to the i-th criterion

	 � � � Rating vector of �  according to the �  criteria

Single-criterion approximations have to take into account a single factor to capture all 
possible relevance aspects. On the other side, multicriteria approximations consider 
multiple factors to represent different points of view. The inherent complexity of multicriteria 
systems requires the identification of a consistent family of criteria � � � � � � �  � � � �  (Roy, 
1996): 

Let � � � � �  be the function expressing the preferences of a given user to decide between two 
alternatives � �  and � �  according to criterion 	 . A family of criteria is consistent if it satisfies the 
properties below: 

o Monotonic: if and only if, for each pair of alternatives � � � � � � � , � �� � � � � � � �� � � � �  for 
criterion 	 � , and � � � � � � � � � � � � �  for all criteria 	 � 	 � , then alternative � �  is preferred to 
� �
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o Exhaustive: if and only if, for each alternative pair � � � � � � � , � �� � � � � � � �� � � � �  for criterion 
	  then alternative � �  is equivalent to alternative � �

o Non-redundant: if and only if the removal of a criterion implies the violation of at least 
one of the properties below.

Table 2 illustrates the most used criterion types (Jacquet-Lagrèze & Siskos, 2001). 

Table 2. Classification of criteria used in multicr iteria recommendation systems. 

Measurable Supports a quantitative measurement according to a rating scale.

Ordinal Defines an ordered set of acceptable values to use a qualitative or 
descriptive scale.

Probabilistic Represents ratings’ uncertainty according to probability 
distributions.

Fuzzy Ratings are represented according to the position in a given interval 
of a rating scale.

· Level 3. Global Preference Model. This stage is devoted to developing a model to 
compute global preferences, i.e. a strategy to aggregate the different criteria to express the 
preferences among several alternatives in the element set. According to (Vincke, 1986) 
and (Jacquet-Lagrèze & Siskos, 2001) we can identify four modelling categories: 

o Multi-Objective Optimization models. Criteria are expressed as multiple constraints 
of a multiobjective optimization problem. We may cite (Malekmohammadi, Zahraie, 
& Kerachian, 2011) among the solutions using this model. 

o Multi-attribute utility/value theory (Value-focused). A value system is built to 
aggregate preferences for each criterion. After that, these marginal preferences are 
aggregated into a single utility function � . These solutions are typically named 
MAUT (Multi-Attribute Utility Theory) or MAVT (Multi-Attribute Value Theory). 
Contributions based on this technique: (Abbas, 2010), (Lakiotaki, Tsafarakis, & 
Matsatsinis, 2008). 

o Outranking approaches. The main idea behind this approach is that a complete 
classification of solutions is not always needed to assist decision. It is based on a 
set of decisions for pairs of elements to obtain binary relations in a decision set. In 
this way, relations such as “a” is incompatible with “b”, “a” is preferred to “b” or “a” 
and “b” are equivalents insofar as preferences are concerned are possible. 
Contributions based on this technique: (Doumpos, Marinakis, Marinaki, & 
Zopounidis, 2009). 

o Preference disaggregation models. The preference model is inferred from global 
preferences by analysing past decisions. In many cases, these models are 
considered as sub-models from one of the models discussed above, as they try to 
infer the model in a concrete way, typically value function or outranking relations. 
Contributions based on this technique: (Fernandez, Navarro, & Bernal, 2009).

· Level 4. Decision Support Process. Once the previous stages are completed, we need to 
design and implement the processes, methods or systems needed to select the appropriate 
set of alternatives.

According to (Adomavicius, Manouselis, & Kwon, 2011), we can identify three MCDM 
recommender types: 
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· Multi-attribute content preference modelling: they interpret and model multi-attribute 
descriptions provided by users on an element to use them to recommend elements most 
adapted to their preferences. 

· Multi-attribute content search and filtering: users are allowed to specify their 
preferences for certain attributes through search processes. From the data obtained, they 
recommend elements satisfying the search and/or filtering criteria most adapted to users’ 
preferences. 

· Multi-criteria rating-based preference elicitation:  user preferences are collected from 
the element ratings according to several criteria. Recommendations to specific users are 
based on their own ratings and other users’ ratings.

According to this classification, and after analysing the behaviour of classical recommenders, we 
could say that most of them may be studied as multicriteria recommendation systems; mainly in 
the case of knowledge-based and content-based systems due to the way they model users and 
elements. 

1.2.2. iTEC SDE Recommendation System 

As discussed above, the SDE recommendation process is organized in three clearly separated 
stages: pre-processing, filtering and sorting of results according to the computed relevance. No 
matter this last stage being the most important, we will also discuss the processes taking place 
during the other two stages, as they provide the result candidates. Therefore, we will briefly 
introduce in Section 1.2.2.1 the initial pre-processing and filtering stages, and we will devote 
Section 1.2.2.2 to discussing the recommendation algorithm implemented by the SDE according to 
the multicriteria model already introduced. Finally, we will present in Section 1.2.2.3 the factors 
considered to compute the relevance of Tool, Person and Event resources, which were collected 
as a result of the third iteration of Control Boards from the contributions of iTEC WP 
representatives, as discussed in Appendix II. 

1.2.2.1. Initial stages 
From the input data used to obtain a sorted list of recommended resources, i.e. a requirement from 
a Learning Activity and a context for its implementation (i.e. LARGContext), the SDE performs a 
semantic pre-processing  to generate a semantic graph combining that information with additional 
related data in the knowledge base. In this way, we generate an “extended requirement” 
simultaneously modelling the Learning Activity’s requirement, the LARG Context and other 
properties extracted from the knowledge base.10 This pre-processing phase isolates the 
information needed to query the rest of the data in the knowledge base to reduce both the spatial 
and temporal complexity of the final recommendation phase. 

Once the input parameters have been consolidated, the filtering phase is devoted to reducing the 
number of resources in the knowledge base to those potentially relevant to perform a given activity. 
This restriction of resources improves performance, as the volume of data to be processed during 
the sorting phase is dramatically reduced. From the specification of a given “extended resource”, a 
semantic query is constructed and executed to mark those resources whose properties are fitted to 

                                                

10 For example, the geographical location of a school can be retrieved from the Technical Setting in the 
LARG Context through the existing relation between the Technical Setting and the school. 
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the requisite. For this task, and to control the impact of filtering on the set of candidate resources, 
the recommender supports three working modes according to three different selection levels:11

· Strict. Only resources in the knowledge base explicitly having a given property whose value 
exactly matches the one imposed by the requirement are considered as valid resources.

· Permissive. Resources in the knowledge base explicitly having a given property whose 
value exactly matches the one imposed by the requirement, and also resources not having 
the corresponding property are considered valid resources. This is the SDE’s default 
behaviour.

· No filtering. All resources are considered valid resources. 

Resource marking to identify valid resources according to any of the first two working modes is 
performed through a SPARQL Update (Seaborne, et al., 2008) query, although it could also be 
performed using some rule-based inference engine (e.g. Jena Generic Rule Reasoner).12 In any 
case, new relations are included in the knowledge base binding each requirement to candidate 
resources as a result of this process. To support marking, an explicit property has been created to 
indicate that requirement R may be satisfied by element or resource E (i.e. 
itec:resourceValid(R,E)). 

To avoid the introduction of non-reusable data in the knowledge base these new relations are 
stored in a temporal graph, i.e. each recommendation task generates a temporal graph to store 
properties only relevant to that specific recommendation task. This graph will be appropriately 
referenced in the semantic queries to be performed in the next stage. 

1.2.2.2. Relevance calculation 

Once a collection of potentially valid resources has been obtained, we need to establish a 
mechanism to compute the estimated degree of relevance of each of the requirements to perform 
the activity. For this, the SDE implements a knowledge-based recommendation system (cf. Section 
1.2.1) utilizing the scheme and information including in the knowledge base. 

The semantic model to characterize resources includes a large number of properties. Taking into 
account the heterogeneous nature of the resources to be recommended and the complexity of 
descriptions, we need to select a rigorous design strategy to construct an appropriate utility 
function. As stated above, the SDE recommendation system was constructed according to the 
guidelines of multicriteria recommendation systems.

As discussed in Section 1.2.1.1, multicriteria recommendation systems use MCDA analysis 
techniques to obtain a utility function that reduces a multicriteria recommendation problem to a 
single-criterion one. In our case, we followed the general methodology for modelling decision-
based problems proposed by (Roy, 1996). This methodology identifies four steps or levels to 
implement the decisor. The three first stages are devoted to analysing the system to identify which 
are the best methods to be applied in each level. The fourth stage is devoted to selecting specific 

                                                

11�The type of filtering may be selected through the system’s configuration variables.�

12 In this case, we selected the SPARQL Update option to improve the temporal efficiency to deal with 
requirements specified in real time.



iTEC Project Title: ITEC-D10_2_V1-1 041102012.Docx

Page 43/96

implementation mechanisms according to this analysis. We describe below the results of applying 
the above-mentioned methodology to the design of the SDE, identifying the design decisions taken 
for each level: 

· Level 1. Definition of the Object of Decision. From the four decision targets identified in 
MCDM (choice, sorting, ranking and describing the items), the SDE addresses the 
relevance calculation and ranking of elements according to their estimated utility. It should 
be noted that we have both to identify candidate resources to perform an activity and to 
provide a sorted list of resources according to their relevance. 

· Level 2. Criteria modelling (definition of families  of criteria). To identify the factors to 
take into account for relevance calculation, we thoroughly analysed all the properties of 
each resource type included in the semantic model to select those that may have an actual 
impact in resource selection. Once the collection of relevant properties was selected, we 
drew up a document to be presented to the Control Board to be discussed with the aim of 
providing an indication of the importance of each factor (cf. Appendix II). We then defined 
for each of the selected properties a formal criterion enabling the quantitative evaluation of 
the resource according to that property, as stated by the methodology. According to the 
formal definition of criterion in Section 1.2.1.1, the SDE will take as the general evaluation 
scale the interval � ���� � . In this way, the criterion will take a value within this interval when 
considering users’ ratings or explicit numerical values (e.g. tool, people or event ratings, 
tool functionality, people’s expertise). For other criteria, we will adopt as a general rule the 
following solution: criterion �  will take value � � � � 
 � �  if the option analysed has the worst 
possible rating; � � � � 
 � �  if the criterion cannot be assessed because there is not enough 
information available; and � � � � 
 � ��  if the option is totally relevant according to criterion � . 
For example, the criterion of the cost factor applied to a tool (� 	 �

), will be assigned value 
� 	 �

� � 
 � ��  when the tool is completely free of charge in the corresponding Technical 
Setting; � 	 �

� � 
 � �  when cost information is not available; and � 	 �
� � 
 � �  when tool usage 

is not free. Besides, when the object being assessed has some relevance according to a 
given criterion, this will always take a value in the range � ���� � , to stress the difference 
between a clearly not recommended object (� � � � 
 � � ) and other objects. There are two 
basic strategies to compute these values: 

o Based on the number of properties (non-weighted properties): given a non-weighted 
property13 on which we will establish a criterion, we measure how many relevant 
values are included in the resource. 

� � � � �
�� � �� �������� � �������� �������

�� � �� �������� ������� �� �!������� ���� � � � ���"����#�� �
� � (4)

This strategy is used, among others, for the criterion associated with the factor 
language applied to tools (� 	 �

). According to it, if a LARG Context is developed in 

English and Spanish, the assigned value will be � 	 �
� � � 
 � � �

�

�
� � � ���  for a tool 

                                                

13 A non-weighted property is a property defining a specific characteristic of the resource without taking into 
account specific numerical values. It supports relations such as resource X is available in language L or is 
targeted to audience A. 
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� �  whose interface is only available in English, and � 	 �
� � � 
 � � �

�

�
� � � ��  for tool 

� �  having a multilingual interface supporting English and Spanish. 

o Based on the proximity to a given threshold: given a location property having a 
value of $ on which we establish a criterion and a system-defined maximum 
threshold for that property ( � ), we estimate the criterion value as the distance to 
that threshold (���������� ����� � ���%�������� ) 

� � � �� �
$
 �

� � ����������$ �  � (5) 

As an example, let us consider a criterion on a factor related to geographical 
location, such as geographical for people (� 
 �

) or events (� � �
). For this latter case, 

and assuming a threshold value  � � ��� , we will compute � � �
� � �� � �� �

��

���
� � �

���  for event � �  (venue at a 10 km distance) and � � �
� � �� � �� �

�

���
� � � �  for an 

event � �  whose venue is 80 km from the school. 

On the other side, for criteria taking into account the opinion of a collection of users or 
numerical values of a given property, either explicitly defined or inferred from external 
sources, we will compute average values in � ���� � . Again, we define two calculation 
strategies:  

o Based on property values (weighted properties): given a numerical property14 on 
which we define a criterion, we select the relevant values according to the context 
(� ) and we compute the arithmetical average of the values (�� ) related to the 
resource. 

� � �
�
�

� � ��

�

� ��

(6) 

Some of the criteria considered are computed according to this model. As an 
example, we shall take the criterion applied to tools’ functionality factor (� 	 �

). If we 
have a requirement stating that functionalities A and B have to be supported with a 
minimum level of 6 and 7 respectively, the assigned value will be � 	 �

� � �� �
�

�
�

� � � � 
 =7.5 for a tool with a functionality level of 7 for A and a functionality level of 8 
for B. In the same way, the assigned value will be computed � 	 �

� � �� �
�

�
� � ��� �

��� 
 =9 when the required functionality levels are 8.5 (A) and 9.5 (B). 

For this type of criterion we will also consider the case of property levels being 
inferred from external sources through an enrichment process. In this case, values 
will be computed as the weighted average taking into account the level of 
confidence of these external sources ( ) according to the formula below: 

                                                

14 A numerical property is a property whose value is weighted according to a given level. It supports relations 
such as resource X provides functionality F at level L. 
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� � �
�
�

� � &����� � �� � � � � ����� 
 �
' �� � � �� �  �

�
���

'  �
�
���

(

�

� ��

(7)

where: 

����� 0 if data are registered as a consequence of an enrichment process. 1 
otherwise.

� Number of relevant values for a given property, as specified by the requirement 

�� Resource level for value 


# Number of relevant values semi-automatically included by the system as a 
consequence of an enrichment process. 

�� � � �� Level inferred from source k for value j

 � Confidence level of source )

o Based on user ratings (collaborative properties): given a collaborative property15 on 
which we establish a criterion, we compute the arithmetical average of ratings (�� ) 
provided by users (� ). 

� � �
�
�

� � ��

�

� ��

(8) 

A “neutral” value of � � �  will be assigned to those resources without any user 
rating. Thus, those resources that have not yet been rated would not be penalized 
against those with a negative rating (� � � ). 

This strategy is applied to criteria related to resources’ rating factors (tool, 
� 	 �

��person, � 
 �
� event, � � �

). As an example, a tool rated by three different users 

with scores 3, 7, 8, will get value � 	 �
� � 
 �

�

�
� �  � � � � 
 � � . 

For this type of criterion, we consider the possibility of including a confidence factor 
( � ) to weight users’ ratings. In this case, we apply the formula below: 

� � �
'  � � ��

�
���

'  �
�
� ��

(9) 

According to the SDE data model for Year One, which considers three types of resources 
(tool, person, event), we define three different families of criteria (cf. 1.2.2.3), one for each 
type of resource. Taking into account the impact that criteria have on the implementation of 
the recommender, we devote the next section to discussing this matter. 

                                                

15 A collaborative property is a property whose values are assigned by users. It supports relations such as 
resource X has been rated by user U with score V. 
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· Level 3. Global preference model. Once criteria � � � � �  have been defined according to a 
general assessment scale � ���� � , we define for all of them the same marginal utility function 
(� � *� � � � 
 +), which is equivalent to the normalized criterion:

� � *� � � � 
 + �
�
��

� � � � � � (10)

We construct the global preference model from the marginal utility functions. In our case, 
we follow the MAUT (Multi-Attribute Utility Theory) model to compute a general utility 
function (� ) as the weighted sum of the marginal functions of each criterion (� � ). The total 
rating of element � , � � � � , is computed from the general utility function of that element: 

� � � 
 � � � 	 � � � 
 � � � %� � � � *� � � � 
 +
�

���
(11)

where: 

� number of criteria

� � 	 � � � 
 aggregated utility function 

%� weight assigned to � ’s utility function

The values %� , as defined for the SDE, are obtained from the arithmetic average (%� �
,,,,, ) of the 

ratings assigned by experts in the Control Board to the relevance of each criterion (cf. 
Appendix II). These weights satisfy %� � � ' %� � ��  and are computed as: 

%� � %� �
,,,,, !

�
' %� �

,,,,,�
���

(12)

where: 

%� �
,,,,, arithmetic average of experts’ rating for criterion �

1.2.2.3. Families of criteria 

We enumerate below the criteria considered for each family of resources, together with the ratings 
provided by iTEC experts.16 As discussed above, these ratings assign a weight to each criterion for 
relevance calculation. As the data model is different for each family of resources, we also include a 
table summarizing the properties of each of them. 

Family of criteria for Tool resources 

Before enumerating the criteria defined for tools, we will briefly introduce the specification model of 
tool requirements (cf. Section 1.1.1.1). Table 3 collects the properties that may be used to specify 
a tool to be used in a given Learning Activity. 

                                                

16 If experts did not provide a rating for a given criterion, it will be marked with symbol *. 
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Insofar as relevance calculation is concerned, we have identified ten relevant factors for Tools: 
functionality, rating, underTech, shell, type, cost, language, age, competence and educationLevel. 
These factors tackle some of the most relevant features of these resources, and they jointly 
provide an objective sorting of recommendations. Besides, each of them has been rated by iTEC 
experts (in a � ���� �  scale) according to their impact in the actual relevance of tools. Table 4 collects 
a summary of these ratings sorted according to the factors’ impact, together with the weights %�
used in the general utility function for tools. 

� 	 � � 
 � � 	 � 	 � � � � 
 � � � %	 �
� � 	 �

- � 	 �
� � 
 .

�

���
� � � 	 �

� � �
�

���
� (13)

Table 3. Tool requirement specification 

Audience Specifies an age range for the tool

has_cost Indicates whether the tool should be free

conformsTo Specifies a standard to which tools should comply

educationLevel Specifies an education level for the tool

Functionality Specifies a functionality that should be supported by the tool

Language A language that should be supported by the tool’s user interface

License Indicates whether the tool has to comply with some sort of license model

Rating A minimum value in a weighted scale for a tool to be considered relevant

supported_formats Format supported by the tool (MIME type)

Type Indicates the type of the tool involved (e.g. application, device, widget, plugin)

Keyword Keyword related to the tool 

Table 4 – Summary of experts’ ratings for Tool crit eria  

Criterion Name %	 	 �
,,,,, %	 �

� 	 �
Functionality 8.43 0.1307

� 	 �
Language 6.65 0.1031

� 	 �
Type 6.52 0.1011

� 	 

Shell 6.30 0.0976

� 	 �
Age 6.30 0.0976

� 	 �
Cost 6.26 0.0970

� 	 �
rating 5.91 0.0916
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� 	 �
underTech 5.91 0.0916

� 	 
competence 5.70 0.0883

� 	 �
educationLevel 6.30 0.0979

  
� %	 	 �

,,,,,,

�

� ��

� ��"����" � %	 �

�

� ��

� �

We enumerate below the criteria defined from identified factors, together with their marginal utility 
function: 

· functionality ( � 	 �
) 

The iTEC project considers that a tool offers functionalities to a given degree, i.e. a given 
functionality may be more or less appropriate to complete a given task. For example, 
according to a 0/10 scale, the Skype tool may be considered to offer the “audio 
conferencing” functionality with a value of 10, and the “file sharing” functionality with a value 
of 3. Criterion � 	 �

 is computed as the arithmetic average of the functionality levels the 
resource has for each of the functionalities specified by the requirement. Therefore, we 
apply a strategy based on the property levels.

� 	 �
� � 
 � �%	 �

� � 	 �
- � 	 �

� � 
 . � ��� �� �
�
��

�
�
�

� � ��

�

� ��

(14)

where: 

� Number of functionalities of tool �  included in the requirement

�� Degree/level of tool � ’s functionality17 for functionality 


· rating ( � 	 �
) 

Tool’s property rating represents its popularity. Obviously, tools receiving a better 
appreciation from the community will rank higher. Criterion rating, � 	 �

, will take its value 
directly from the value of the tool’s property rating if available, or it may be obtained from 
community ratings through the SDM or any other social management system.18 In this latter 
case, the strategy applied is based on users’ ratings.

                                                

17 When, due to the application of non-strict filtering modes, the list of recommended tools includes tools not 
having some of the specified functionalities, we will assume a null value for these functionalities.

18 If a tool has not yet been rated, a neutral value (� � 	 ) will be assigned to avoid penalizing those 
resources with no rating against those with a negative rating (� 
 	 ).
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� 	 �
� � 
 � �%	 �

� � 	 �
- � 	 �

� � 
 . � ������ �
�
��

�
�
�

� � ��

�

� ��

(15)

where: 

� Number of ratings available for tool �

�� Rating provided by user / to tool �

· underTech – LocalTechnology vs iTEC Technology – ( � 	 �
) 

Factor underTech is targeted to discriminate whether a school already has a given tool, i.e. 
if the tool belongs to its Local Technology, or if the school has access to the tool through 
the iTEC project, i.e. if it belongs to iTEC Technology (note that this factor does not depend 
on the tool but on each specific school). Thus, the criterion bound to this factor, � 	 �

, 
prioritizes tools belonging to the Local Technology with respect to those belonging to iTEC 
Technology. According to this, the maximum value will be assigned (� 	 �

� �� ) when a tool 
belongs to the specified Technical Setting and the minimum value (� 	 �

� � ) otherwise. 

� 	 �
� � 
 � �%	 �

� � 	 �
- � 	 �

� � 
 . � ������ �
�
��

� � 	 �
� � � (16)

· shell – Shell Application vs. No Shell Application – (	 � �
)  

This factor ranks tools according to their running environment. Criterion � 	 

, bound to 

this factor, prioritizes tools that can be run on a shell with respect to tools that cannot. 
According to the general rule, value � 	 


� ��  will be assigned when the tool can run on a 
shell; value � 	 


� �  when no information is available; and value � 	 

� �  when it is explicitly 

stated that the tool cannot be run on a shell. 

� 	 

� � 
 � �%	 


� � 	 

- � 	 


� � 
 . � ������ �
�
��

� � 	 

� � � (17)

· type – Application vs. Device – ( � 	 �
) 

This factor considers the type of tool (Application or Device) that provides a required 
functionality. For the same functionality, Applications will rank higher than Devices, as 
access to Devices is more limited than access to Applications. Besides, Applications 
can be more easily integrated into a Shell. Thus, the associated criterion, � 	 �

, will take 
value � 	 �

� ��  for Applications; value � 	 �
� �  when no information is available about the 

type of tool; and value � 	 �
� �  when the tool is of type Device. 

� 	 �
� � 
 � �%	 �

� � 	 �
- � 	 �

� � 
 . � ������ �
�
��

� � 	 �
� � � (18)
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· cost ( � 	 �
) 

The aim of criterion � 	 �
is to prioritize tools having no usage cost within a specified 

Technical Setting. It will take value � 	 �
� ��  for free tools in the Technical Setting; � 	 �

� �
when no information about cost is available; and � 	 �

� �  for non-free tools. 

� 	 �
� � 
 � �%	 �

� � 	 �
- � 	 �

� � 
 . � ������ �
�
��

� � 	 �
� � � (19)

· language ( � 	 �
) 

This factor references the languages supported by the tool’s user interface. It should be 
noted that a Learning Activity is not implemented in an abstract environment, but in a 
specific LARG Context, which in turn specifies supported (teaching) languages. The 
corresponding criterion, � 	 �

, is intended to prioritize tools according to the level of support 
provided to the language used in the activity. In this case, value � 	 �

� �  will be assigned 
when there is information about supported languages but none of them is specified by the 
requirement; it will take value � 	 �

� �  when there is no information about the tool’s 
supported languages; and � � � 	 �

� ��  when some of the activity languages are supported 
according to a strategy based on the number of properties:  

� 	 �
� � � � � �

�� � �� ���!!�� �� ���������� �� #��� � � ��� ��!�������
�� � �� ��!������� ����������

� � (20)

And its marginal relevance is: 

� 	 �
� � 
 � �%	 �

� � 	 �
- � 	 �

� � 
 . � ���� � �
�
��

� � 	 �
� � � (21)

· age – audience - ( � 	 �
) 

According to the context where an activity is developed, the value of criterion � 	 �
�will 

prioritize tools having as their explicitly specified audience one of the audiences specified 
for the context. As with the previous criterion, it will take value � 	 �

� �  when there is 
information about the audience but it does not match the audiences from the context. It will 
take value � 	 �

� �  when there is no information available about the tool’s audience, and 
� � � 	 �

� ��  when tool’s audience is among the audiences in the context. Again, we rely on 
a strategy based on the number of properties: 

� � �
� � � � 	 �

�� � ������ � ��������	��

�� � �����	�����������	��
 	 (22)

And its marginal relevance is: 

� 	 �
� � 
 � �%	 �

� � 	 �
- � 	 �

� � 
 . � ������ �
�
��

� � 	 �
� � � (23)
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· competence ( � 	 
) 

Factor competence references the technical expertise of a teacher defining a LARG. 
The associated criterion, � 	 

, prioritizes tools with which the LARG creator is familiar. 
Thus, value � 	 

� ��  will be assigned when the creator knows the tool; and value � 	 
� �

when this is not explicitly stated. 

� 	 
� � 
 � �%	 

� � 	 
- � 	 

� � 
 . � ����� �
�
��

� � 	 
� � � (24)

NOTE: This criterion is not considered by the SDE at this time. It will be introduced when 
the iTEC user competence model is eventually defined. 

· educationLevel ( � 	 �
) 

According to the context where an activity is developed, criterion � 	 �
is intended to prioritize 

tools being explicitly targeted to an educational level among those defined for the activity. In 
the same way as criteria language and age, it will take value � 	 �

� �  when information 
about the tool’s educational level is available but does not match the activity’s educational 
level; it will take value � 	 �

� �  when there is no information available about the tool’s 
educational level; and � � � 	 �

� ��  when some of the educational levels specified are 
among the educational levels in the context. Again, we apply a strategy based on the 
number of properties. 

� � �
� � � � 	 �

�� � ������ ����� � ������� � ������� � �������	���� �

�� � �����	��������	��������������
 	 (25)

And the marginal relevance is: 

� 	 �
� � 
 � �%	 �

� � 	 �
- � 	 �

� � 
 . � ������ �
�
��

� � 	 �
� � � (26) 

Family of criteria for Person resources 

Before enumerating the criteria defined for persons, we will briefly introduce the specification 
model of person requirements (cf. Section 1.1.1.1). Table 5 collects the properties that may be 
used to specify the profile of a person participating in a given Learning Activity. 

Table 5 - Person requirement specification 

based_near Indicates a location near to the usual address of a Person

comm_channels Identifies a communication channel that may be used to contact a Person

lang_competence Identifies a language that a Person can speak fluently

rating Specifies the minimum value of a weighted assessment that the Person must have to 
be considered of interest

expertise Specifies a required field of knowledge for the Person as a Knowledge Area
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type Indicates the type of Person

keyword Keyword related to the person 

Insofar as relevance calculation is concerned, we have identified nine relevant factors for Persons: 
expertise, rating, reliability, language, communication, organization, location, experience and 
knows. As for tools, we summarize in Table 6 the ratings provided by iTEC experts. The general 
utility function is the same as that for tools. 

� 
 � � 
 � � 
 *	 � � � � + � � � %
 �
� � 
 �

- � 
 �
� � 
 .



���
� � � 
 �

� � �


���
� (27)

Table 6. Summary of expert’s ratings for Person cri teria 

Criteria Name %
 	 �
,,,,,, %
 �

� 
 

Language 7.87 0.1359

� 
 �
Expertise 7.78 0.1343

� 
 �
Experience 7.17 0.1238

� 
 �
Communication 6.87 0.1186

� 
 �
Reliability 6.48 0.1119

� 
 �
Organization 5.78 0.0998

� 
 �
Rating 5.70 0.0984

� 
 �
Geographical 5.30 0.0915

� 
 
Personal relations 4.96 0.0856

  
� %
 	 �

,,,,,,

�

� ��

� ����� � � %
 �

�

� ��

� �

We enumerate below the criteria defined from identified factors, together with their marginal utility 
function: 

· expertise ( � 
 �
) 

This factor reflects the expertise of a person in a given subject (Knowledge Area). It should 
be noted that according to the semantic model, expertise is measured on a scale, like the 
functionality of a tool. Thus, criterion � 
 �

 quantitatively assesses the capabilities of a person 
to teach concepts or to solve issues related to the activity’s subject. This value is computed 
as the arithmetic average of the expertise levels the resource has for each of the subjects 
specified in the educational context. Therefore, we apply a strategy based on the property 
levels.
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� 
 �
� � 
 � �%
 �

� � 	 �
- � 
 �

� � 
 . � ��� " �
�
��

�
�
�

� � ��

�

� ��

(28)

where: 

� Number of expert areas of person �  included in the requirement

�� Degree/level of person19 � ’s expertise in area 


· rating ( � 
 �
) 

This factor indicates the degree of popularity of a person. As for tools, the associated 
criterion, � 
 �

, will take its value directly from the value of person’s associated property if 
available, or it may be obtained from community ratings.20 In this latter case, the strategy 
applied is based on users’ ratings.

� 
 �
� � 
 � �%
 �

� � 
 �
- � 
 �

� � 
 . � �����" �
�
��

�
�
�

� � ��

�

� ��

(29)

where: 

� Number of ratings available for person �

�� Rating provided by user / to person �

· reliability – trust –( � 
 �
) 

This factor indicates the degree of trust that the community, as a whole, has in the person 
to be selected. The associated criterion, � 
 �

, is aimed at quantifying the reliability of a 
person according to the trust relations provided by the user community. As this property 
has a binary value, it will be computed as: 

� � �
� � � �

�� � �������������������������

�������� � �������
 �� (30)

And the marginal relevance is computed as: 

� 
 �
� � 
 � �%
 �

� � 
 �
- � 
 �

� � 
 . � ������ �
�
��

� � 
 �
� � � (31)

                                                

19 When, due to the application of non-strict filtering modes, the list of recommended persons includes 
persons not having some of the specified expertise, we will assume a null value.

20 If a person has not yet been rated, a neutral value (� � 	 ) will be assigned to avoid penalizing those 
resources with no rating against those with a negative rating (� 
 	 ).
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· language ( � 
 

) 

Criterion � 
 

 is intended to prioritize persons having as their mother tongue the languages 

in which an activity is developed. In this case, value � 
 

� �  will be assigned when there is 

information about the individual’s mother tongue(s) but none of them is specified by the 
requirement; it will take value � 
 


� �  when there is no information available; and � 
 

� ��

when some of the mother tongues match at least one of the activity languages.  

� 
 

� � 
 � �%
 


� � 
 

- � 
 


� � 
 . � ��� �� �
�
��

� � 
 

� � � (32)

· communication – Communication Channel - ( � 
 �
) 

This factor takes into account the communication tools a person participating in a Learning 
Activity has available. Thus, criterion � 
 �

 will prioritize individuals whose communication 
channels match some of the tools included in the specified Technical Setting. According to 
this, it will take value � 
 �

� �  when none of the individual’s communication channels 
belongs to the specified Technical Setting; � 
 �

� �  when there is no information available 
about the person’s communication channels; and � 
 �

� ��  when some of the individual’s 
communication channels belong to the activity’s Technical Setting. 

� 
 �
� � 
 � �%
 �

� � 
 �
- � 
 


� � 
 . � ������ �
�
��

� � 
 �
� � � (33)

· organization ( � 
 �
) 

Criterion � 
 �
 is intended to prioritize persons belonging to the same organization as the 

LARG’s creator. Thus, it will take value � 
 �
� �  when the person belongs to a different 

organization; � 
 �
� �  when there is no information available about the person’s affiliation; 

and � 
 �
� ��  when both the person and the LARG creator belong to the same organization.

� 
 �
� � 
 � �%
 �

� � 
 �
- � 
 


� � 
 . � ������ �
�
��

� � 
 �
� � � (34)

NOTE: This parameter was included in the original ontology, and was therefore included in 
the third iteration’s Control Board consultation. However, no information will be kept about 
organizations, so this element has been removed from the ontology (update) discussed in 
the next chapter. 

· geographical – location – ( � 
 �
) 

This factor indicates the degree of geographical proximity of the person to the location of 
the school. It should be noted that this factor will not be taken into account for persons 
acting as online collaborators in a LARG. The associated criterion � 
 �

 will take value 
� 
 �

� �  when there is information available about the location of either the person or the 
school, and the distance between them is larger than a predefined threshold distance. It will 
take value � 
 �

� �  when there is no information available about location; and � � � 
 �
� ��

when the distance between the two elements is smaller than the predefined threshold 
(smaller distance �  better score). We use a strategy based on proximity to a predefined 
threshold. 

� 
 �
� � 
 � �%
 �

� � 
 �
- � 
 �

� � 
 . � ������ �
�
��

� 0�� �
��� ����
 � ��� � ���

� � 1 (35)
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· experience ( � 
 �
) 

This factor considers the previous experience of a person, according to the Learning 
Activities already performed by this person. The aim of criterion � 
 �

 is to prioritize persons 
who have already contributed to some of the Learning Activities in the LARG. Thus, it will 
take value � 
 �

� ��  when the person has already performed some of the Learning 
Activities; and value � 
 �

� �  when this fact is not explicitly stated. 

� 
 �
� � 
 � �%
 �

� � 
 �
- � 
 �

� � 
 . � ���� � �
�
��

� � 
 �
� � � (36)

NOTE: This factor will be implemented when information is available about the Learning 
Activities already performed by a person. For this, a return channel Composer� SDE is 
needed for the SDE to know which resources have been selected by a given user. 

· personal relations – knows – ( � 
 
) 

This factor considers existing relations between the LARG creator and the people who may 
participate in a Learning Activity. It will take value � 
 

� ��  for persons known by the LARG 
creator; and value � 
 

� �  otherwise. 

� 
 
� � 
 � �%
 

� � 
 
- � 
 

� � 
 . � ������ �
�
��

� � 
 
� � � (37)

Family of criteria for Event resources 

Table 7 collects the properties that may be used to rank the events that may be included in a 
Learning Activity, i.e. the properties defined in the specification model of event requirements (cf. 
Section 1.1.1.1).  

Table 7 - Event requirement specification 

based_near Indicates a location near to the venue of the event

has_cost Indicates whether the event should be free

audience Indicates a required age range for the event 

education_level Specifies an education level for the event

language Indicates a required language for the event 

rating Specifies the minimum value of weighted assessment that the event must have to be 
considered of interest

subject Specifies a required field of knowledge for the event as a knowledgeArea

type Indicates the required type of event

date_range Date range in which the event takes 

keyword Keyword related to the event 
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Insofar as relevance calculation is concerned, we have identified nine relevant factors for Events: 
subject, rating, cost, organization, location, tool, language, audience and educationLevel. As for 
tools and persons, we summarize in Table 8 the ratings provided by iTEC experts. The general 
utility function is the same as that for tools or persons. 

� � � � 
 � � � � 	 � � � � 
 � � � %� �
� � � �

- � � �
� � 
 .



���
� � � � �

� � �


���
� (38)

Table 8 - Summary of expert’s ratings for Event cri teria 

Criteria Name %� 	 �
,,,,,, %� �

� � �
Subject 7.91 0.1574

� � �
requiredTool 7.26 0.1444

� � �
Cost 6.96 0.1385

� � �
Geographical 6.22 0.1238

� � �
Rating 5.96 0.1186

� � 

Organization 5.96 0.1186

� � �
*audience21 5 0.0995

� � 
*educationLevel 5 0.0995

  
� %� 	 �

,,,,,,

�

� ��

� ������� � %� �

�

� ��

� �

We enumerate below the criteria defined from identified factors, together with its marginal utility 
function: 

· subject ( � � �
) 

Criterion � � �
�is used to rate an event according to the event thematic area(s), i.e. the 

Knowledge Area to which the event is related. It will prioritize events dealing with subjects 
similar to those of Learning Activities. More specifically, it will prioritize events with thematic 
areas having a descendent hierarchical relation to activity subjects.22 We apply a strategy 
based on the number of properties, weighted by a factor of 0.5:

                                                

21 The criteria marked with *, i.e. audience and educationLevel, were not included in the Control Board 
consultation because they were not considered at that time. For this reason, and because no other adequate 
reference was available, a neutral value (5) was assigned to them.  

22 Formally stated, let ES be a thematic area of an event, and CS a subject in the educational context. Then, 
we consider the semantic relation <ES> skos:broader <CS>, according to the broader property defined in 
SKOS (http://www.w3.org/TR/skos-reference/). 
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� � �
� � � � 	 �

�

�

�� � ����������� � �����	����������� � ��	������

�� � ��� � �����	������
 	 (39)

And the marginal relevance is: 

� � �
� � 
 � �%� �

� � � �
- � � �

� � 
 . � �����" �
�
��

� � � �
� � � (40)

· rating ( � � �
) 

As for tools or persons, the value associated with the rating factor may be explicitly 
indicated or it may be computed from ratings provided by the user community.23 In this 
latter case, the strategy applied is based on users’ ratings.

� � �
� � 
 � �%� �

� � � �
- � � �

� � 
 . � ������ �
�
��

�
�
�

� � ��

�

� ��

(41)

where: 

� Number of ratings available for event �

�� Rating provided by user / to event �

· cost ( � � �
) 

The aim of criterion � � �
 is to prioritize free events. Thus, value � � �

� ��  will be assigned to 
free events; � � �

� �  when there is no information available about cost; and � � �
� �  when 

there is a registration or participation fee.

� � �
� � 
 � �%� �

� � � �
- � � �

� � 
 . � ��� �� �
�
��

� � � �
� � � (42)

· organization ( � � 

) 

Relevance of the event’s organizer as a numerical weighted value. Criterion � � 

 is aimed at 

prioritizing events according to the organizer’s relevance (person or organization). In turn, 
relevance is computed from user community ratings. Thus, a strategy based on user ratings 
is applied. 

� � 

� � 
 � �%� 


� � � 

- � � 


� � 
 . � ������ �
�
��

�
�
�

� � ��

�

���
(43)

where: 

� Number of ratings available for the organizer of event �

�� Rating provided by user / to the organizer of event �

                                                

23 If an event has not yet been rated, a neutral value (� � 	 ) will be assigned to avoid penalizing those 
resources with no rating against those with a negative rating (� 
 	 ).
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NOTE: This parameter was included in the original ontology, and was therefore included in 
the third iteration’s Control Board consultation. However, no information will be kept about 
organizations, so this element has been removed from the ontology (update) discussed in 
the next chapter. 

· geographical – location – ( � � �
) 

This factor indicates the degree of geographical proximity of an event to the location of the 
school where the activity is performed. The associated criterion , � � �

, will prioritize events in 
the neighbourhood of the school. It will take value � � �

� �  when there is information 
available about either the venue of the event and the location of the school, and the 
distance between them is larger than a predefined threshold distance. It will take value 
� � �

� �  when there is no information available about location; � � �
� ��  for online events; 

and � � � � �
� ��  when the distance between the two elements is smaller than the 

predefined threshold (smaller distance �  better score). We use a strategy based on 
proximity to a predefined threshold. 

� � �
� � 
 � �%� �

� � � �
- � � �

� � 
 . � ���� � �
�
��

� 0�� �
��� ����
 � ��� � ���

� � 1 (44)

· requiredTool ( � � �
) 

The aim of this criterion, � � �
, is to promote online events that can be accessed using some 

of the tools available in the specified Technical Setting. According to this, it will take value 
� � �

� �  when none of the communication/access channels needed to participate in the 
event is included in the Technical Setting; � � �

� �  when there is no information available 
about the event’s communication channels; and � � � � � �

� ��  depending on the number of 
communication channels defined for the event that are included in the TechnicalSetting. 
Again, we apply a strategy based on the number of properties. 

� � �
� � � � 	 �

�� � ��������������� � ������� � ��	��� � 	 � ������

�� � ������� � ��	������	������	 � ������
 	 (45)

And the marginal relevance is: 

� � �
� � 
 � �%� �

� � � �
- � � �

� � 
 . � ���""" �
�
��

� � � �
� � � (46)

· audience ( � � �
) 

According to the context where an activity is developed, the value of criterion � � �
�will 

prioritize events having as their explicitly specified audience one of the audiences specified 
for the context. It will take value � � �

� �  when there is information about the audience, but it 
does not match the audiences from the context. It will take value � � �

� �  when there is no 
information available about event’s audience, and� � � � �

� ��  when the event’s audience 
is among the audiences in the context. Again, we rely on a strategy based on the number of 
properties:
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� � �
� � � � 	 �

�� � ������� ���������	��

�� � �����	�����������	��
 	 (47)

And the marginal relevance is: 

� � �
� � 
 � �%� �

� � � �
- � � �

� � 
 . � ������ �
�
��

� � � �
� � � (48)

· educationLevel ( � � �
) 

According to the context where an activity is developed, this criterion is intended to 
prioritize events being explicitly targeted to an educational level among those defined for 
the activity. It will take value � � �

� �  when information about the event’s educational level is 
available but it does not match the activity’s educational level; it will take value � � �

� �
when there is no information available about the event’s educational level; and � � � � �

�
��  when some of the educational levels specified are among the educational levels in the 
context. Again, we apply a strategy based on the number of properties. 

� � � � � � � 	 �
�� � ������ � ���� � ������� � ������� � �������	���� �

�� � �����	��������	��������������
 	 (49)

And the marginal relevance is: 

� � �
� � 
 � �%� �

� � � �
- � � �

� � 
 . � ������ �
�
��

� � � �
� � � (50)

1.3. SDE Implementation Details 

This section discusses the SDE implementation taking into account the technologies used and the 
relationships among the systems involved. The SDE implementation has been developed 
according to the Knowledge Base Systems (Ullman, 1990) model by combining a Knowledge Base 
(KB) and a Recommendation Engine. Most of the implementation efforts have been focused on the 
development of the KB and the recommendation services that process users’ requests and query 
the KB. The most relevant supporting systems used are Virtuoso (OpenLink-Software, 2012) to 
implement the KB, and Apache TomCat version 6 (Apache, 2011) for service implementation in 
Java.  

This first version of the implementation of the SDE involves those use cases included in the 
Technical Localization and Resource Planning packages (see Section 2.4 in D10.1 (Anido, Santos, 
Caeiro, Míguez, Cañas, & Fernández, 2011)). These packages include the main functionalities 
related to localization and planning. During this second year the basic flow of events, as described 
in the use cases detailed description, has been implemented. Variants and exceptions have not yet 
been implemented, being expected for further iterations.  

Regarding the harvesting from external sources, only harvesting from the LRE has been fully 
implemented. The first version of the harvesting mechanism from the Widget Store was 
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implemented in July 2012. At the time of writing the iTEC People&Events Directory does not 
provide harvesting mechanisms to external systems. This will be developed, according to WP9 
plan, in Year 3 of the project. Also, harvesting from the Social Data Manager has not yet been 
implemented. So far, it is not clear how this tool will be used across the project. 

1.3.1. SDE Software Architecture  

SDE implementation was based on the design architecture developed during the first year (cf. 
Figure 37 in D10.1), namely a three-layer architecture composed of a presentation layer, business 
logic and back-end (cf. Figure 20). 

The presentation layer collects APIs offering the SDE functionality to other systems. Two different 
APIs are proposed, Administration and SDE. The Administration API offers methods for SDE 
management and configuration. The SDE API provides the functionalities related to localization, 
recommendation and validation, as discussed in Section 1.1. The Composer utilizes this API to 
access the functionalities needed from the SDE. Other systems different from the Composer 
included in Figure 20, such as the SDE Testing Prototype introduced in Section 1.3.2, may also 
access SDE functionalities through this API. 

The business logic collects the SDE central services or SDE Core. The SDE Core provides, in 
addition to the main localization and recommendation functionalities, two fundamental services, 
namely harvesting and enrichment. Harvesting collects available data from iTEC data systems, 
whereas Enrichment performs the enrichment of the collected data with information gathered from 
other sources available on the Web. 

The back-end has been developed using the OpenLink Virtuoso (OpenLink-Software, 2012) 
framework. This system maintains all information on resources available in the SDE as RDF 
expressions, according to the terms identified in the semantic models as described in Section 2.  

Figure 20. SDE software architecture 
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Figure 21 illustrates the general model for the processing of all requests reaching the SDE. This 
general scenario assumes that a final user is interacting with the Composer to create a LARG 
definition. At a given time, the user requests some recommendation or validation operation that the 
Composer transfers to the SDE. For that, the Composer performs a JSON-RPC call to the 
corresponding SDE API method. The incoming call is collected at the presentation layer to check 
whether it satisfies the JSON format. The presentation layer also performs a call to the SDE back-
end to test whether the data provided is registered in the KB (e.g. if identifiers of Learning Stories 
or Technical Settings exist). The transformation of data expressions needed to adapt the input 
parameters to the SDE internal representation model is also performed at this layer. Once the 
correctness of the request has been checked, the execute method that implements the processing 
of the request in the SDE business logic is instantiated. As a first processing step, the SPARQL 
queries to be transferred to the back-end are constructed. One or several SPARQL queries may be 
needed depending on the type of command being processed (e.g. the createLARG method 
requires a query for each of the requirements included in the corresponding Learning Activities). 
After all the queries have been performed and the corresponding results have been collected, the 
method response is constructed from them and sent to the presentation layer, and from there to 
the Composer to be eventually delivered to the final user. 

1.3.1.1. Presentation Layer 

SDE functionalities are offered to external systems through two Web APIs, namely Administration 
API and SDE API. In both cases each API consists of a set of Web services implemented in Java 
to be accessed via the HTTP protocol using REST (JSON-RPC). 

The main task of these APIs is to collect and process Web requests from external systems. First, 
parameters are checked for compliance with the established criteria, and data in the request are 
transformed to the SDE representation model (e.g. identifiers are modified to adjust them to the 
identification scheme used by the SDE). Then requests are transferred, together with their data, to 
the systems in charge of their processing in the SDE Core. Finally, results from the SDE Core are 
delivered to the system that performed the request.  

Figure 21. Overview of request processing at differ ent SDE layers 
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The SDE API providing methods for technical localization, lesson planning and validation may be 
accessed as discussed in Section 1.1.1through the URL below: 

http://itec.det.uvigo.es/itec-sde/wservices/ws

In turn, the Administration API is available at: 

http://itec.det.uvigo.es/itec-sde-admin/wservices/ws

This API offers the functionalities below:  

·  Configuration of recommendations. To configure the parameters that define the way 
recommendations and results offered by the SDE are computed. 

·  Harvesting configuration. To configure several parameters on the sources used for 
harvesting, and the way harvesting is performed, such as addresses, access credentials, 
periodicity, incremental or full mode, etc. 

·  Manual harvesting invocation. An administrator may perform harvesting at all times. It can 
be performed globally, or on a specific type of resource. 

·  Harvesting data collection. To gather log data collected about previous harvesting 
operations. 

·  Enrichment configuration. As above, to configure several parameters on the sources used 
for harvesting. 

·  Manual enrichment invocation. To perform data enrichment at any given time. 
·  Enrichment data collection. To gather log data collected about previous enrichment 

operations. 

1.3.1.2. Business Logic Layer 

The business logic layer includes the Java SDE Core component. This component processes 
requests from final users to access SDE functionalities, i.e. technical localization, resource 
planning and validation. The SDE Core receives user requests collected through the Web services 
APIs. Requests are processed within the SDE Core by a collection of Java objects. More precisely, 
a specific object in a type-specific class handles each request type. Processing consists in the 
composition of SPARQL queries to be sent to the back-end (cf. Figure 20), where semantic 
resolution and the composition of the results to be sent to the final user are performed. 

The SDE Core also includes the harvesting and enrichment modules where these functions are 
performed (cf. Figure 22), either automatically or manually as a result of a user request through the 
Administration API (cf. Figure 20). The Harvesting service handles the collection of data available 
in the iTEC data systems below: 

·  iTEC (People & Events) Directory, which manages descriptions of people and events. 
·  Widget Store, a centralized catalogue of all iTEC widgets. 
·  Social Data Manager, which manages, on behalf of the Widget Store, user-contributed data 

(e.g. comments, ratings, bookmarks, tags about widgets). 
·  Learning Resource Exchange (LRE), a European Schoolnet service that provides over 

230,000 learning resources in several languages.  

The SDE collects, following the current iTEC Architecture (Massart, 2012) all metadata available in 
the repositories above using the OAI-PMH (Lagoze, Van de Sompel, Nelson, & Warner, 2008) 
protocol. So far, the harvesting has only been implemented with the LRE. Additionally, data are 
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collected provisionally from the Widget Store through a REST Web service. Metadata are 
registered in the SDE KB to be further processed. The Enrichment service will perform the 
enrichment of the data collected in the repositories above using information obtained from external 
Web sources. For this, three different methods are used at this time:  

·  SPARQL queries to Linked Data repositories. 
·  Access through the corresponding custom APIs to potentially relevant data sources. 
·  Parsing of publicly available Web data sources. 

The SDE has been implemented as Java classes running on a Web server. Development has 
been supported by Web server Apache Tom Cat version 6. However, any Web server supporting 
Servlets may be used. Java class programming was performed for version 1.6 of Open JDK. Code 
debugging was supported by the Log4Java library. Class Log4InitServlet has been included in 
developed classes to obtain execution logs during the testing phase. 

Figure 23 illustrates the Java packages collecting the SDE Core Java classes. There are four main 
packages: 

·  Methods. This package includes a Java class for each method offered from the SDE APIs. 
These classes collect requests and process them. 

·  Parameters. Classes in this package support parameter processing for any parameter that 
may be received or returned by methods. It should be noted that some of these parameters 
are quite complex, including successive groupings of data, so we found it appropriate to 
provide specialized classes to handle each of these parameters. This package includes 
three subpackages, namely in for input parameters, out for output parameters, and inout for 
input/output parameters. 

·  Services. This package includes classes to handle the services included in the SDE, i.e. the 
harvesting and enrichment services. It also includes additional services, such as a listing 
service to handle lists of results. Special classes devoted to the processing of daemon-like 
periodical methods have been also included in subpackage Service.thread. 

·  Utilities. This package collects many classes with diverse functionalities used by other 
packages. As an example, classes include SPARQL query processing, Java interface 
definitions, data type definitions, schemes, transformations, requirements, etc. 

Figure 22. SDE Core main components and external re lations 
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The main SDE packages have the dependence relations depicted in Figure 23. Classes in the 
Methods package depend on those included in the Parameters package, as this latter package 
includes classes for parameter encapsulation and processing. Classes in packages Methods, 
Parameters and Services depend on package Utilities, as this one includes the Java interfaces, 
data schemes, classes providing validation and transformations, etc. 

We discuss below some of most relevant SDE Java classes and interfaces, together with the 
relations among them. Detailed information may be obtained from the documentation generated by 
Javadoc, available at: 

http://itec.det.uvigo.es/itec-sde-javadoc/index.html

Figure 24 shows two of the main interfaces implemented by the Java classes included in packages 
Method and Parameters: 

·  The Method interface includes both introspective methods providing information on the 
Method class implementing this interface (e.g. description, notes, parameters, results, 
errors), and methods in charge of processing (i.e. parse and execute methods). A class is 
available for each of the methods in the API discussed in Section 1.1.1 implementing this 
Java interface. 

·  The Param interface also includes two types of methods, namely introspective methods 
providing information on the class implementing this interface (e.g. name, scheme, type), 
and methods for parameter processing (i.e. validate and getParameters methods). Around 
200 different classes implement this interface to support all the parameter types used by 
the SDE. 

Figure 23. Java package collecting the SDE Core cla sses 
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Figure 24. Method and Param Java interfaces 

Figure 25 illustrates two additional Java interfaces that serve as a basis to create Java classes to 
provide support to resources and requirements. Methods included provide introspective information 
on the objects instantiating classes implementing these interfaces. In this way, we support the 
encapsulation of the information managed. The Resource interface is implemented by four classes 
encapsulating each of the resource types handled by iTEC, namely Tool, Person, Event and 
Learning Content. In turn, the Requirement interface is also implemented by classes providing 
coverage for the four types of resources considered. 

Figure 25. Resource and Requirement Java interfaces

1.3.1.3. Back-end Layer 

The SDE data layer is supported by the Virtuoso system (OpenLink-Software, 2012). This system 
acts as a data server providing relational management services in RDF, XML and free text. It may 
also be used as a Linked Data server or a Web server, enabling the deployment of SOAP or REST 
Web services. 

Virtuoso version 06.01.3127 has been used. This option has been chosen because the working 
team has extensive previous usage experience, and for its capabilities and performance in RDF 
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data management. Among its features, stand out a native implementation of a SPARQL end point 
supporting SPARQL and SPARQL/Update, its graph securization capabilities, and RDF data 
sharing capabilities according to the principles of Linked Data (i.e. it provides HTTP URI 
dereferencing, content negotiation, URI aliases). Other less appropriate alternatives in the 
framework of this project were analysed, including Jena SDB (Apache, 2012), AllegroGraphz 
(Franz-Inc., 2012) and Sesame (OpenRDF.org, 2012). 

Figure 26 provides a graphical representation of the main system components: 

·  Knowledge Base (KB). Information available in the SDE includes entity descriptions and 
their relations represented in RDF. A thorough description of an entity in RDF consists of a 
collection of triples (subject-predicate-object), each of them relating to the same subject 
where each predicate relates to a different object (attribute). For the development of the 
SDE we have grouped each triple in a context24 (quads: context, subject, predicate, object). 
Contexts (graphs25) used are: Tools, Events, People, Learning Content, Vocabularies, 
Configuration (Harvesting & Enrichment) and General (Learning Stories, Learning 
Activities, LARGs, Technical Setting, SDE-Conceptualization-Model).  

·  Functions & Applications. Includes functions and applications facilitating data processing. 
One of the main components is the Sponger, an RDF middleware transforming on-the-fly 
non-RDF data into RDF. It uses non-RDF Web data sources as input, e.g. (X)HTML Web 
Pages, (X)HTML Web pages hosting microformats, and even Web services such as those 
from Google, Del.icio.us, Flickr, etc., to create RDF as output. In this way, we can use non-
RDF data sources as Linked Data Web data sources. The connection with the VBE (EUN, 
2012) is provided through the Sponger. This connection is used to transfer the vocabularies 
needed by the SDE. The collection of these vocabularies is directly performed from 
Virtuoso and not from the SDE Core, as the periodic recompilation of data was not a design 
requirement. In any case, periodic requests to the Sponger may be configured through the 
SDE Core to perform vocabulary updates. 

·  Services. This component includes services to support Virtuoso usage. One of the main 
services is the SPARQL End Point to receive SPARQL queries from the SDE Core.  

Collected data from records external to the SDE Core are transformed into RDF expressions to be 
sent as SPARQL queries to this system. Once data are transformed and included in the KB, the 
system identifies the rules defined in the semantic models and executes them on each individual 
record using an inference engine based on Jena rules (Apache, Apache Jena, 2012). The 
availability of this engine was the main reason for choosing the Jena framework as against 
Sesame, another framework initially considered for this task (OpenRDF.org, 2012). Besides, Jena 
also supports external reasoners such as Pellet, which offers complete OWL support.  

                                                

24 On triples extensions with Context cf. http://sw.deri.org/2008/07/n-quads/

25 On quads usage in Virtuoso cf. http://virtuoso.openlinksw.com/rdf-quad-store/
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Figure 26. Main components in Virtuoso 

1.3.2. SDE API Pre-Testing and Developers’ User Interfa ces 

Two interfaces have been conceived having in mind two different user profiles, namely developers 
and testers. The former are developers of additional software systems who may require access to 
the functionalities provided by the SDE. The second aims at providing a simple user interface to 
test the actual implementation of the different methods included in the SDE API. It should be noted 
that the SDE is not an actual (final-user) application, but a component in a larger system providing 
LARG authoring functionalities. In particular, iTEC will provide SDE functionalities through the 
Composer. Final users are teachers and technical and pedagogical coordinators using the SDE to 
perform technical localizations, recommendations and validations. This interface provides the 
means to perform an initial evaluation of the SDE. Appendix VIII includes a user manual for both 
Web interfaces developed.  

1.3.2.1. Developers’ Interface 

System developers have been provided with a Web interface offering detailed information on the 
SDE API, and enabling access to each method implemented:  

http://itec.det.uvigo.es/itec-sde/apidoc/index.html

The information below is offered for each method (cf. method “Get Feasible Learning Stories” in 
Figure 27):  

·  Textual description, and input and output parameters. 
·  Request and response JSON schemas. 
·  A usage example. 
·  A testing console. This console supports the modification of requests’ input parameters. 

Therefore, any type of testing is supported, including error-generating or unexpected 
situations. 

·  An error listing, including error descriptions. 
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1.3.2.2. Pre-testing User Interface 

To facilitate the validation of the SDE API prior to its integration with the Composer in Cycle 4, a 
JQuery-based Web interface animating this API has also been developed. This API testing tool is 
available at:  

http://itec.det.uvigo.es/ext/javi/demo/pilot/

Those who want to test the implementation of the SDE API and the underlying semantic models 
have available a collection of Web interfaces providing access to the different SDE API methods. 
As an example, Figure 28 depicts one of the interfaces implemented, which supports the 
identification of a Learning Story in method “Assess Technical Feasibility”. The upper left corner 
includes three buttons to access the three groups of functionalities available in the SDE: localize, 
recommend and validate. The upper right corner includes buttons to access the methods 
corresponding to the selected functionality. For example, Localize will provide access to methods 
“Assess Technical Feasibility”, “Get Feasible Learning Stories” and “Get Suitable Technical 
Settings”. Using this mechanism, users may access all functionalities available through the SDE 
API. 

Figure 27. Detail of the Web site offering informat ion on the SDE API functionalities. 

The central part of Figure 28 shows an outline of the operations required by method 
AssessTechnicalFeasibility, which is provided in a similar way for each of the methods in the API. 
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Each method evolves through several steps requiring the specification of each of its input 
parameters. These steps are distributed among several tags. The first time, users have to activate 
them in an ordered way, but they may be accessed in any order after that. In this way, we provide 
the user with an indication on the expected usage of the methods, facilitating at the same time 
further free experimentation. The last step corresponds to the invocation of the SDE method with 
the specified input parameters. Once the operation has been completed, results are returned by 
the SDE and presented to the user. 

The presentation of input parameters and results (i.e. output parameters) is performed according to 
the (logical) groupings of elements and resources in iTEC. For example, each Learning Story 
includes the corresponding Learning Activities, each Learning Activity includes its requirements, 
each Technical Setting includes its Tools, etc. Moreover, these structures and pieces of 
information are not presented in full detail by default, but as item lists that the user may iteratively 
explore and analyse. This incremental presentation is intended to enhance users’ experience by 
trying not to initially overwhelm the user with unsolicited details. In any case, users may visualize in 
full detail all the listed elements if desired. 

The development of this site required the integration of a specific Web service providing textual 
information on some of the involved elements. More specifically, Learning Story descriptions or text 
fields in Learning Activities are not directly available through the SDE External API, as this 
descriptive information is not for the core functionalities of localization, recommendation and 
validation. However, from a final user’s point of view, these descriptions provide the information 
needed to assess whether the associated functionality is actually required in a specific context. 

Figure 28. Detail of the SDE API Testing Interface 
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For the same reasons as above, Web services enabling the storage and management of LARGs 
have also been developed. Final users will eventually access these functionalities through the 
Composer. However, we decided to develop a light implementation of them to enable final users to 
assess them even when the Composer is not available. Some of the associated methods, and 
more specifically those related to LARG validation, require the specification of a LARG as an input 
parameter. These new services support the storage of LARGs that may have been created through 
a recommendation method (e.g. CreateLARG), to enable the validation of all its requirements 
through method ValidateLARG. 

The complete user manual for this pre-testing Web application is available in Appendix VIII.
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2. ONTOLOGY MAINTENANCE & EVALUATION 

One of the main objectives of the work performed by WP10 is the definition of a semantic model to 
support the (machine-interpretable) representation of the information available in the SDE. This 
semantic model was constructed during the first year of the iTEC project as part of tasks T10.1 
(targeted to the identification of the elements needed to characterize Educational Scenarios and 
Technical Settings) and T10.2 (devoted to identifying the elements required to characterize 
Resources and Services). This model, together with the information gathered from the iTEC 
registries and potentially other available external data sources, makes up the Knowledge Base of 
the SDE. 

Semantic models, like all software artefacts, must be appropriately evaluated, and also updated as 
necessary to take account of errors detected or changes in the initial requirements. Indeed, during 
the second project year, WP10 activities related to this semantic model were primarily focused on 
evaluation and maintenance. These activities correspond to tasks 10.1.4 and 10.2.4 in the 
Description of Work. This chapter collects the outcomes of these tasks. 

Section 2.1 introduces the evaluation and maintenance processes of semantic models and 
ontologies. As stated in (Noy & McGuinness, 2001) and D10.1 (Anido, Santos, Caeiro, Míguez, 
Cañas, & Fernández, 2011), semantic model construction is mostly a creative process when 
compared to the design and development of software applications. Thus, it is hard to systematize 
in spite of all the methodologies available. This fact remains to be evaluated. In that section we 
briefly discuss how the most popular methodologies for ontology construction deal with ontology 
evaluation. We also introduce how the semantic model defined within the iTEC project will be 
evaluated according to the three evaluation instruments used, namely verification, validation and 
assessment. 

Section 2.2 discusses in a more specific way the three types of evaluation performed: i) 
verification, described in Section 2.2.1 and detailed in Appendix VII, is a purely technical evaluation 
to check that the initial semantic model requirements, represented as competence questions in 
natural language (introduced in Section 3.1.3 of deliverable D10.1 (Anido, Santos, Caeiro, Míguez, 
Cañas, & Fernández, 2011)), can be represented now as questions using a semantic query 
language, and answered by a semantic query engine, using only the terms included in the 
semantic model; ii) validation, discussed in Section 2.2.2, is targeted to make sure that the 
concepts, relations and axioms defined in the semantic model correspond to the real world they 
are intended to represent. This type of evaluation is more subjective than the previous one, and is 
performed mostly by domain experts as the true connoisseurs of the intricacies that make up the 
part of the world being modelled; iii) assessment, introduced in Section 2.2.3, is a process, even 
more subjective than validation, whose objective is to check that the developed model is indeed 
useful for the final user. Assessment is typically performed by interacting with the application that 
makes use of the model, the SDE in our case, whose user interface will be integrated as part of the 
Composer. 

Finally, Section 2.3 introduces the most relevant changes (additions, updates and removals) 
included in the semantic model from the first version in first year’s deliverable. These changes, 
detailed in Appendix IX, are consequences of new requirements identified by Control Boards, 
agreements among project partners, the evolution of the project objectives, design considerations 
that will eventually facilitate the development of SDE’s software modules, and other issues 
detected during the evaluation of the semantic model. 
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2.1. Evaluation and Maintenance of Semantic Models 

Like any other artefact in a software application, semantic models should be evaluated and also 
updated when needed because of the detection of errors, improvements in performance, or 
changes in the original requirements. As discussed in (Vrande� i� , 2009), knowledge engineers 
developing a semantic model need a mechanism to systematically evaluate their outcomes. In this 
way, they can drive the model construction process during any of its refinement stages, i.e. at any 
point of the semantic model’s life cycle. However, the evaluation of semantic models poses some 
unique challenges. Due to the declarative nature of semantic models, developers cannot just 
compile and execute them as they do with most software artefacts. 

We can find in the literature many methodological proposals for ontology development and, by 
extension, semantic models. These proposals are based, to a greater or lesser extent, on Software 
Engineering techniques and methods such as the process defined in IEEE 1074 (IEEE, 2006), the 
Unified Software Development Process (Jacobson, Booch, & Rumbaugh, 1999) or even Extreme 
Programming (Beck, 1999). In spite of the availability of several methodological proposals for the 
creation and development of ontologies, semantic model development is still mostly an art. Each 
research group applies its own methodology, and there is no clear standard to follow. 
Nevertheless, there are some more or less mature proposals having some support from the 
research community. The selection of the various methodologies discussed below is based on the 
methodological processes collected in (Jones, Bench-Capon, & Visser, 1998), (Fernández & 
Gómez, 2002a), (Fernández & Gómez, 2002b) and (Davies, Studer, & Warren, 2006). 

· Uschold & King . The proposal by Uschold & King (Uschold & King, 1995) is based on the 
experience acquired from the development of the Enterprise Ontology (Uschold, King, 
Moralee, & Zorgios, 1998). This is one of the first formal proposals discussing the need for 
a methodology to address the development of a semantic model. The Uschold & King 
method is based on the definition of a small number of simple stages, centred on the 
location and early identification of key concepts and relations in the domain. Although one 
of these stages may be devoted to evaluation, this is not thoroughly described. It simply 
addresses the evaluation process in the context of the technologies for knowledge sharing 
proposed by (Gómez, Juristo, & Pazos, 1995). This process defines the term evaluation as 
the realization of a technical assessment of the ontology, its context and associated 
documents, with respect to a reference framework (i.e. requirement specifications, 
competence questions, the real world). 

· Grüninger & Fox . This methodology stems from the experience acquired with the TOVE 
project (TOronto Virtual Enterprise) (Grüninger & Fox, 1995b). The authors state that the 
ontology creation process is motivated by the different scenarios that appear when using 
applications (Grüninger & Fox, 1995a). From these scenarios, a set of queries will arise 
which place demands on an underlying ontology. These queries can be considered to be 
requirements expressed as questions that the ontology must be able to answer. These are 
the informal competency questions (since they are not yet expressed using the formal 
language of the ontology) guiding the construction of the ontology and its expressiveness, 
and also supporting its evaluation. More specifically, the evaluation must determine 
whether the competence questions can be solved, through their formalization in First Order 
Logic, by the developed ontology. 

· Methontology . Methontology (Fernandez, Gomez, & Juristo, 1997; Fernández, Gómez, & 
Vicente, 1996) is a methodology developed by the Artificial Intelligence Laboratory at 
Madrid’s Polytechnic University. It is fairly mature, very specific insofar as the proposed 
phases are concerned, and it is supported by FIPA (Foundation for Intelligent Physical 
Agents). Besides technical activities driving ontology construction and management 
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activities targeted to planning and quality control, this methodology tackles additional 
support activities performed at the same time that the ontology is being constructed. 
Support activities include knowledge acquisition (interviews with experts, text analysis, 
etc.), ontology integration, configuration management to facilitate maintenance and the 
control of changes, documentation during the complete ontology development process, and 
the evaluation of the resources generated. Although the methodology does not address in 
detail the way ontology evaluation should be performed, evaluation is described in an 
integral way, including the technical assessment of ontologies, the corresponding software 
environments, and the documents generated with respect to a reference framework, 
namely the requirement specification document. Evaluation includes verification as the 
process to guarantee that the ontology and other generated artefacts are correct, and 
validation as the process to guarantee that ontologies and other artefacts match the part of 
the real world they are supposed to represent. The developers of Methontology have 
published several works related to ontology evaluation. 

· On-To-Knowledge . The definition of the On-To-Knowledge methodology (Schnurr, Sure, 
Studer, & Akkermans, 2000) is based on the experience acquired by its developers using 
Methontology to create several ontological systems. This methodology addresses 
evaluation as the verification of the requirements captured in the ontology’s initial 
specification document. It checks that the identified competence questions are satisfied in a 
similar way to that in the proposal from Grüninger & Fox. It also tests the defined model in 
its own application environment. 

· IDEF5. The IDEF5 methodology (Benjamin, et al., 1994) was proposed by Knowledge 
Based Systems Inc. in 1994. As ontological analysis must be open to multiple 
interpretations, it is seen as unwise to blindly follow a “recipe book” when creating an 
ontology. Because of this, IDEF5 defines a general procedure proposing a collection of 
milestones to reach. This methodology addresses the validation of the defined models 
according to their ability to represent entities from the world being modelled. More 
specifically, the document describing the methodology states that the ontology structures 
are “instantiated” (tested) with actual data, and the result of the instantiation is compared 
with the ontology structure. If the comparison produces any mismatch, every such 
mismatch must be adequately resolved. 

· Noy & McGuinnes . This method, described in (Noy & McGuinness, 2001), was developed 
as an example of OWL ontology construction using Protégé. Presently, it is fairly popular 
due to its simplicity and, above all, due to Protégé’s popularity. Not being a formal 
methodology, it only considers the ontology construction process, omitting additional 
supporting aspects. For example, it does not establish any specific procedure to evaluate 
an ontology. However, it explicitly states that “we can evaluate and debug it by using it in 
applications or problem-solving methods or by discussing it with experts in the field, or both. 
As a result, we will almost certainly need to revise the initial ontology. […] The proof is in 
the pudding – we can assess the quality of our ontology only by using it in applications for 
which we designed it”. 

· DILIGENT. DILIGENT (Distributed, evolvInG and Loosely-controlled setting) (Vrandecic, 
Pinto, & C. Tempich, 2005) is focused mainly on ontology construction and evolution, and 
less on the initial phases of the project. It relies on classical methods such as Methontology 
or On-To-Knowledge for the initial design, and expands these methods with a strong focus 
on users’ view and usage, and the updates that they may need to perform. Although 
specific evaluation methods are not given, evaluation is considered an important task that 
should be performed from the perspective of the various actors involved: i) final users 
should evaluate the ontology according to its usability, i.e. its intelligibility and actual 
advantages in use; ii) domain experts are responsible for evaluating it from a domain point 
of view (does it represent the domain, or does it contain factual errors?); iii) knowledge 
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engineers are responsible for evaluating it from a technical point of view (efficiency, 
standard conformance, logical properties such as satisfiability). 

· UPON. UPON (Unified Process for ONtology building) (Nicola, Missikoff, & Navigli, 2005) is 
a methodology for ontology construction based on the well-known and widely accepted 
Unified Software Development Process (Jacobson, Booch, & Rumbaugh, 1999), which also 
utilizes the Unified Modelling Language (UML) to generate the diagrams needed to 
document the ontology creation process. UPON includes two types of evaluation tests in its 
Test Workflow: the first is devoted to evaluating ontology coverage in the application 
domain by domain experts, and the second is targeted to solving previously identified 
competence questions, in a similar way to the methodological proposal from Gruninger & 
Fox.  

We can see from the ontology construction methodologies surveyed, the semantic models 
analysed, and the literature reviewed,26 that we should perform ontology evaluation as precisely as 
possible although there is no standardized, strict way to deal with the evaluation of a semantic 
model. 

Thus, in our case, we should evaluate the semantic model generated during the first year of the 
iTEC project. On the one side, we should confirm that we have obtained the desired results. On the 
other, we should update the model to correct the deficiencies detected and to respond to the new 
requirements appearing during the second year.  

Although, as stated in (Noy & McGuinness, 2001), the true functional capabilities of a semantic 
model can only be assessed after being utilized in a particular application, we should also evaluate 
it prior to its use to early determine potential gaps. As discussed in (Gómez-Pérez, 2004), it would 
be unwise to publish a semantic model to be used in a software application without a prior 
assessment of its contents, i.e. concept definitions, relations and axioms. A well-evaluated 
semantic model will not guarantee the absence of problems, but will make its use safer. 

For the initial evaluation of the developed semantic model we will primarily follow the guidelines 
established by the creators of Methontology (Gómez, Fernández, & Corcho, 2002), which in turn 
has been utilized as a guide to construct our own semantic model. More specifically, we will 
perform the three types of evaluations discussed there: 

1. Verification : This type of evaluation is intended to ensure the correct construction of 
the ontology, i.e. to make sure that definitions do indeed implement the established 
requirements. In our case, we will follow a strategy similar to that proposed by 
Grüninger & Fox, like most of the methodologies analysed. We will ensure that the 
competence questions identified during the model’s specification phase included in 
D10.1 (Anido, Santos, Caeiro, Míguez, Cañas, & Fernández, 2011) can be formalized 
according to some semantic query language using exclusively the terms and axioms 
included in the model. More specifically, we will use the SPARQL semantic query 
language, and the queries generated will be tested in Virtuoso Universal Server. 

2. Validation : Ontology validation is intended to guarantee that the definitions in the 
ontology actually model the real world. Our aim is to make sure that the model of the 
real world, if it exists and it is known, is compatible with the formally modelled world. 
Domain experts will play a fundamental role here, as they are the ones able to 

                                                

26 http://ontology.buffalo.edu/evaluation.html at Buffalo Ontology Site collects some relevant contributions 
related to ontology evaluation. 
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determine that the terms and relations among concepts defined by knowledge 
engineers correspond to conceptualizations, premises and particularities in the real 
world. To perform the validation, we will prepare a document summarizing in a graphical 
way the concepts and relations identified in the semantic model to be presented to a 
Control Board composed of domain experts selected from iTEC partners. Their aim will 
be to identify inconsistencies between the artefacts modelled by WP10 members and 
the characteristics of the real world where the defined model will be applied. 

3. Assessment : Ontology assessment provides evaluation from the final users’ point of 
view. In our case, final users are teachers generating LARGs who utilize the SDE 
through the Composer to obtain recommendations and other support services. The 
developed semantic model is utilized indirectly through the Composer’s user interface. 
Therefore, the statement in the Noy & McGuinnes methodology is fully applicable here: 
“we can assess the quality of our ontology only by using it in applications for which we 
designed it”. As the actual usage of the Composer-SDE integration will only take place 
in iTEC’s Cycle 4, we decided to perform a pre-assessment with the help of a focus 
group composed of project partners. For that, we developed a specific user interface 
enabling the direct invocation of methods in the SDE API and the visualization of their 
responses. 

The next section discusses in detail the activities and results obtained after performing these three 
evaluation types. 

2.2. Ontology Evaluation 

2.2.1. Verification 

The first step in ontology evaluation consists in verifying whether the model defined is able to 
answer the competence questions posed in the specification phase (D10.1 – Section 1.3.4. (Anido, 
Santos, Caeiro, Míguez, Cañas, & Fernández, 2011)). For this, we had to express these questions, 
initially in natural language, in some semantic query language using the defined concepts and 
relations. In our case, the selected language was SPARQL, as most semantic frameworks and 
reasoners support it. 

Competence questions identified during the semantic model specification process developed 
during the first iTEC year, now expressed as SPARQL queries, are presented in Appendix VII. 
These queries were submitted to a knowledge base including the ontology and some example data 
that was specifically created for these tests. Tests were supported by the SPARQL engine and 
query interface provided by Virtuoso Universal Server. 

2.2.2. Validation 

Validation is intended to assess whether an ontology fits the real world taking into account the 
schools involved and project’s objectives. In a more detailed way, ontology validation is targeted to 
discover deficiencies, redundancies, inconsistences, incoherencies, or the modelling of 
unnecessary concepts and relations. All these matters can be corrected by means of an ontology 
update, which in turn will provide a more suitable scenario for the development of the SDE’s 
functionalities. 
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Ontology validation was performed during the four iterations of the CB that took place in April and 
May this year. Appendix II discusses in detail this iteration, and also the experts involved and the 
documents used to introduce the ontology and to collect the contributions of CB members. 
Answers and comments provided by experts are also summarized there.  

The results of this validation work have been used as a reference to develop the ontology update 
introduced in Section 2.3. More specifically, the validation outcomes have led to new concepts and 
relations, and the removal of others. 

2.2.2.1. General results 

In general, experts positively validated the ontology developed during the first year, as issues 
implying relevant changes have not been identified. The most significant changes involved the 
removal of some parts of the ontological model because they were deemed unnecessary in the 
light of the original purpose of the ontology. It should be noted that during the first year we 
addressed the exhaustive modelling of all matters that may be relevant to the project. 
Nevertheless, the experience gained so far demonstrated that some concepts and relations are not 
relevant to attain the project objectives, or that the efforts required to gather and manage the 
information needed would be out of proportion to the expected benefits. As an example of this 
situation we can mention the treatment of organizations, the availability of people to participate in a 
Learning Activity, and the relations among persons and organizations. 

Besides the remarks related to the appropriateness of removing some parts of the ontology, it was 
also decided to change the names of some concepts and relations. The validation work performed 
by the CB served to improve the coordination and mutual understanding among iTEC partners 
beyond WP10. In this way, concepts such as TS, LARG or LS raised many comments about its 
pertinence in the framework of the project. 

Finally, the CB proposed the inclusion of new elements in the ontology as new concepts and 
relations. For example, the modelling of the availability of external individuals (i.e. experts) that 
may be involved in a LARG was deemed desirable, but the issues related to the availability of this 
information led to the eventual dismissal of this proposal. In these cases, an appropriate motivated 
answer was provided to CB participants. In other cases, the ontology already provided the desired 
support, and we just needed to provide a more precise explanation to complement the original 
documentation available to perform validation. It should be noted that an ontology is a complex 
system requiring a thorough analysis to gain a full understanding of it. As a consequence, 
additional clarification was provided to the CB members after the validation process on the 
elements already in the ontology that might provide adequate answers to their questions. 

We would like to stress that, besides supporting the validation of the ontology designed during the 
first year, the Control Boards’ fourth iteration also served to discuss the data models used across 
the project, enabling the identification of some minor incoherencies, and the need of further 
discussions about the different concepts managed across WPs. 

2.2.2.2. Specific results 

We enumerate below the most relevant issues identified by CB members, and the actions taken to 
correct them. These actions take the form of changes in the ontology (cf. Section 2.3). A more 
detailed description of the contributions of CB members is available in Appendix II.  
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Events 

Events represent a type of resource that may be involved in LARG implementation. In the iTEC 
context, events are considered as entities (e.g. social, community-based, from other schools) 
external to the activity being planned in the lecture room, but which may be integrated because 
they could contribute to the students’ engagement and motivation. 

In relation to the modelling of events, we detected some limitations in the specification of the initial 
and end dates, and in the description of virtual events. This implied the extension of the ontology in 
relation to the Event concept by introducing support to specific initial and end dates taking into 
account time zones. The support to virtual events was already included in the ontology. 
Nevertheless, to make this support more explicit, we included two new classes in the Event group, 
namely itec:OnlineEvent and itec:PhysicalEvent and we replaced several event classes by a SKOS 
vocabulary for property EventType. 

As the information about events will be utilized starting the third project year, it is expected that a 
better assessment of the adequacy of event modelling will be performed then. 

LARGs 

The LARG concept represents the outcome of resource planning as performed in iTEC. From the 
LSs and LAs proposed by pedagogical work packages, teachers will generate their LARGs as a 
combination of activities and resources. 

The ontology proposes a specific naming for these concepts that raised some concerns from some 
CB members. In particular, experts in pedagogical WPs indicated that the term “LARG” does not 
exist so far as the educational community is concerned, and therefore a more familiar term for 
teachers should be identified, at least when the term is used in training workshops, user interfaces, 
etc. WP10 will report this requirement to the technical and project management. 

Besides this terminology issue, the evaluation of the LARG’s ontological model also raised some 
debate. It is not clear whether we need to keep this concept or to allow an LS to be developed 
across successive stages and to include final resources selected by users. It still needs to be 
clarified which activities may be developed during LA generation and which during LARG 
generation. A clear example is whether the specification of an LA may contain the identification of 
a tool to be used in that LA, or it may contain only the specification of the requirements that such 
tool should meet, letting the actual selection of the tool to be performed when generating the 
LARG. 

Another question raised was the removal of the ES concept as, apart from traceability reasons 
related to Learning Stories, it was deemed unnecessary for the purposes of the SDE and other 
components in technical packages. It was also agreed that all properties including textual 
descriptions in LAs would be marked as deprecated. The only properties providing descriptive 
descriptions to final users will be learningOutcomes, teacherMotivation, learnerMotivation, 
technicalMotivation, description, abstract, tags and guidelines. While this information is relevant to 
the Composer, it is irrelevant to the SDE. 

Organizations and Groups 

The ontology includes concepts and relations to characterize people and groups of people. The 
aim of these elements is to facilitate the management of groups of teachers and students, and the 
relations among them. 
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The work performed during the second year demonstrated that educational activities are not using 
information about organizations. Neither is the concept of group relevant to the SDE in taking into 
account the information captured by the Composer when generating a LARG. Because of this, we 
decided to remove several classes from the ontology (cf. Appendix IX), namely 
org:OrganisationalCollaboration, itec:Group, org:StudentGroup.  

On the other side, CB outcomes revealed some differences between the information in the 
ontology and the data models presented in D9.1, more specifically the relations between the 
“Technical Setting” concept and other concepts. These differences do not imply ontology changes, 
but required coordination with WP9 to collect additional information on this topic. 

People 

The People concept supports the management of information on teachers and other persons who 
may take part in educational activities, such as experts or parents. This is a type of resource that 
may be included in Learning Activities, in the same way as events, to make them more engaging 
and motivating.  

In relation to the involvement of external people in LAs, elements such as the relation “Weighted 
Trust” or “Weighted Expertise” raised several comments on the ability to generate such information 
by other WPs. This information may be relevant to the recommendations provided by the SDE, and 
we hope that it can be completed through the enrichment processes performed both by WP9 (e.g. 
by analysing a person’s network of contacts in social networks) and WP10 through semantic 
sources. 

We also agreed upon the removal of concept bio:Birth because it was considered non-relevant to 
provide recommendations on external people. Moreover, the introduction of the vCard model to 
maintain information about people was considered excessive by some CB members, but the 
relevance of the data included in vCard records from the point of view of the SDE suggested its 
consideration. Finally, we discarded the management of information on the temporal availability of 
people because it would require accessing data in personal calendars, and keeping that 
information updated. 

As for Events, the information about people will be utilized starting in the third project year, so 
again it is expected that a better assessment of the adequacy of people modelling will be 
performed then. 

Tools 

The Tool concept supports the management of both hardware (i.e. devices) and software (i.e. 
applications) tools and their use in LAs. 

No updates were proposed on the information managed about tools and their use, although in 
some cases clarifications about the meaning and the relations among some concepts were 
needed, such as additional details about the differences between devices and applications or the 
relations between widgets and the iTEC Cloud. 

2.2.3. Assessment 

Assessing an ontology consists in checking its adequacy for final users, i.e. teachers and technical 
coordinators who will eventually use it to design LARGs. It should be noted that these users do not 
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have direct access to the ontology, but they access it through the Composer-SDE combination 
(that is to say, the Composer provides the user interface, and the SDE provides technical 
localization, resource planning and validation services). Thus, ontology assessment is performed 
through the evaluation of Composer-SDE usage by final users. 

The introduction of the Composer-SDE system to be utilized by final users is planned to start on 
iTEC’s Cycle 4. According to this planning, SDE assessment activities this year were focused on 
two actions: 

· SDE pre-testing by a focus user group with experts from iTEC WPs, mainly from WP 
leaders having a closer contact with coordinators, teachers and individuals in charge of 
pilots in schools. 

· Preparation of the assessment to be performed with final users in Cycles 4 and 5. The 
evaluation proposal provided by WP5 was taken as a reference (Haldane & Lewin, 2011) of 
the technologies and resources used in ITEC. This proposal is intended to measure the 
classroom impact of the pedagogical and technical resources provided by iTEC.  

We discuss below the resources used and the results obtained from this pre-testing process. Then, 
we will present the SDE assessment proposal to be implemented in Cycles 4 and 5. 

2.2.3.1. Pre-testing 

iTEC planning includes the actual SDE usage during Cycle 4 to be developed next year. Thus, this 
year we performed a SDE pre-testing with a focus group composed of key partners within the 
project. The main objective of this pre-testing was to obtain feedback on the initial version of the 
SDE API implementation. Besides, the pre-testing offered the opportunity to show the work 
performed so far to other iTEC members. As a consequence, they would be able to evaluate its 
usefulness and provide an initial assessment of the benefits its integration with the Composer may 
provide to final users. 

Preparation 

Pre-testing setting required the preparation of the system and test data. We also devised a specific 
evaluation questionnaire targeted to the users involved. 

We developed a user interface to provide access to the SDE API functionalities in an appropriate 
way (cf. Section 1.3.2). Similarly, as real data from Technical Settings, People and Events is not 
yet available, dummy testing data has been included instead to illustrate SDE features. Real data 
will also be available by Cycle 4 in the case of Tools and Technical Settings and in Cycle 5 for 
People and Events. However, we had available real data about widgets (provided by WP8) and 
learning content from the LRE. Besides, we used the LSs/LAs developed by pedagogical work 
packages so far, although they do not include a set of requirements rich enough to illustrate the 
SDE potential. For example, LAs developed during initial project cycles do not include 
requirements on People and Events. As a consequence, additional requirements not included in 
the original formulation of LAs have also been introduced for the sake of testing. With this, we will 
be able to demonstrate how the SDE manages these additional requirements. However, as pointed 
out above, these additional data on People and Events are still fictitious.  

We also developed a specific questionnaire for pre-testing to be completed by all participants. 
More specifically, and taking into account that most data have been generated from scratch for 
testing purposes, participants were asked to evaluate whether the functionalities provided by the 
SDE, when appropriately integrated into the Composer and when real data are available, can be 
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useful for the technical localization of Learning Stories and the identification of the most suitable 
resources to implement them, i.e. to generate the corresponding Learning Activities and Resource 
Guides. 

We provide the pre-testing questionnaire below. 

____________________________________________________________________ 

Your name:     

Your institution:      

1. The integration of the SDE functionalities into the  Composer …  (Strongly Disagree, 
Disagree, Neutral, Agree, Strongly Agree)  

2. According to your present knowledge of the statu s of the iTEC Project and the 
developments foreseen for the next months: 

2.1. Do you consider that problems might be encountered when integrating the SDE into the Composer?  
Your answer here 

2.2. Do you think that existing information on Learning Stories and Learning Activities is sufficient to 
exploit the capabilities of the SDE?  
Your answer here 

2.3. Do you think that existing information on Resources (Tools, Events, People, Learning Content) is 
sufficient to exploit the capabilities of the SDE? 
Your answer here 

Strongly 
Disagree 

Disagree Neutral Agree Strongly 
Agree 

1.1. Will guide coordinators to select the most 
appropriate Learning Stories and Learning 
Activities in a particular context (e.g. school). 

1.2. Will boost the use of previously unused or 
unknown Learning Stories and Learning Activities. 

1.3. Will provide resources (Tools, People, Events, 
Content) that users had never used before or were 
previously unknown, and therefore will not be used 
otherwise. 

1.4. Will boost the discovery of new resources. 
1.5. Will facilitate the verification that LARGs are 
correctly created according to the requirements of 
Learning Activities. 
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2.4. Do you think that the amount of Resources available is sufficient to exploit the capabilities of the 
SDE?  
Your answer here 

2.5. Do you think it could be difficult for teachers to interact effectively with the SDE?  
Your answer here 

2.6. Do you think that the information needed to correctly invoke the SDE methods (e.g. identification of 
the technical settings, language/age range/subject within a LARG Context) will be easily identifiable by a 
teacher?  
Your answer here 

2.7. Do you believe that the functionalities provided for Technical Localization, resource planning and 
validation (creation of LARGs and recommendations) will be useful for teachers?  
Your answer here 

2.8. Which are the main technical/software problems that users might encounter? ( 
Your answer here 

2.9. Other difficulties/barriers for users:  
Your answer here 

3. Potential benefits 
3.1. I think that the SDE has the potential to lead to innovation in the classroom:  

 Yes-definitely           Yes-probably           No 
3.1.1. Explain why (free text) 

Your answer here 

3.2. I think that a teacher who uses the SDE for the first time will use it again  
 Yes-definitely           Yes-probably           No 

3.2.1. Explain why (free text)  
Your answer here 

3.2.2. I think that teachers using the SDE for the first time will recommend it to other teachers  
 Yes-definitely           Yes-probably           No 
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3.2.3. Explain why  
Your answer here 

4. Any other (positive and negative) comments: (free t ext)
Your answer here 

___________________________________________________________________ 

Development 

Pre-testing was performed by focus group members between the 10th and 25th July. All 
participants received an email with instructions to perform the test, the URL of the testing system, 
and the questionnaire. Contact information was also included to provide technical support when 
needed. No incidents were detected during the course of the test. 

Table 9 collects the list of focus group members who participated in this pre-testing. 
Questionnaires submitted by each participant are available for download from European 
Schoolnet’s Liferay platform using the links below. Please contact the project coordinator, Patricia 
Muñoz King (patricia.munoz.king@eun.org) if you need access to these documents. 

Table 9. Focus user group members participating in SDE pre-testing  

Name Institution iTEC WP Result

Will Ellis EUN WP1 http://itec.eun.org/c/document_library/get_file? 
p_l_id=11702&folderId=108894&name=DLFE-5313.docx 

Sue 
Cranmer

FULAB WP2 http://itec.eun.org/c/document_library/get_file? 
p_l_id=11702&folderId=108894&name=DLFE-5120.docx 

Anna 
Keune

AALTO WP3 http://itec.eun.org/c/document_library/get_file? 
p_l_id=11702&folderId=108894&name=DLFE-
5312.docx 

Elena 
Shulman 

EUN WP4 http://itec.eun.org/c/document_library/get_file? 
p_l_id=11702&folderId=108894&name=DLFE-5123.docx 

Cathy 
Lewin 

MMU WP5 http://itec.eun.org/c/document_library/get_file? 
p_l_id=11702&folderId=108894&name=DLFE-5124.docx 

Lars 
Ingesmann

UNI-C WP6 http://itec.eun.org/c/document_library/get_file? 
p_l_id=11702&folderId=108894&name=DLFE-5119.docx 
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Bernd 
Simon

KM WP7 http://itec.eun.org/c/document_library/get_file? 
p_l_id=11702&folderId=108894&name=DLFE-5314.pdf 

Kris Popat UB WP8 http://itec.eun.org/c/document_library/get_file? 
p_l_id=11702&folderId=108894&name=DLFE-5121.docx 

Frans Van 
Assche

KUL WP9 http://itec.eun.org/c/document_library/get_file? 
p_l_id=11702&folderId=108894&name=DLFE-5122.docx 

Quantitative data results 

The questionnaire includes some questions that provide quantitative data, namely Group 1 
questions on the foreseen benefits of Composer-SDE integration, and Group 3 questions on the 
potential benefits of the system. 

A summary of the results obtained from Group 1 questions is presented in Figure 29. All answers 
have an average value between “Neutral” and “Agree”. The questions with higher score (slightly 
above 2.5) are those related to the usage of the system to facilitate the localization and discovery 
of new resources by technical coordinators. Scores are slightly lower when participants were 
questioned about the SDE contribution to fostering the usage of LS/LAs. Some questionnaires 
included comments to explain the reasons for the score given. Several respondents commented on 
the difficulty of providing an appropriate assessment due to the lack of previous interaction 
experience with a version of the Composer without the SDE (e.g. Anna Keune, Elena Shulman, 
Frans van Assche). 

  

Figure 29. Average of the responses to questions on  the functionality provided by the SDE-
Composer integration (the numbers on the y-axis are  0: Strongly disagree; 1: Disagree; 2: Neutral; 3: 
Agree; 4: Strongly agree). 

Figure 30 shows the average values of the responses to Group 3 questions on SDE benefits. The 
answer to the first question on the potential to lead innovation in the classroom corresponds to an 
average evaluation slightly above “yes-probably”. On the other side, the average answers to the 

�

���

�

���

�

���

�

��� ��� ��� ��� ���

���������	�
��
���	
�	��	���



iTEC Project Title: ITEC-D10_2_V1-1 041102012.Docx

Page 84/96

other two questions are between “yes-probably” and “no”. These questions deal with the future 
usage of this tool by the same user and with the recommendation of the tool to other users. Neither 
result can be considered positive. Probably, this is due to the difficulties encountered by the 
participants when interacting with a system that was not designed for final users. It should be noted 
that some evaluators did not provide an answer to these questions because they considered that it 
could only be provided once they know the actual user interface that will be eventually provided to 
final users. 

Qualitative data results 

As a general remark, evaluators found it fairly difficult to respond to some questions in the survey 
due to lack of experience of using the SDE functionalities as integrated in the Composer and lack 
of detailed knowledge about the resources and other data in the system. Because of this, some 
responses are vague and dependent on future assumptions. In any case, participants provided a 
positive evaluation of this work and considered that this type of tests and experiences is 
appropriate to discover problems and focus on them.

  

Figure 30. Average of the responses to questions on  potential benefits (the numbers on the y-axis 
are 0: No; 1: Yes-probably; 2: Yes-definitely)

When asked about the SDE-Composer integration and the problems that may arise (Question 2.1), 
most participants did not provide a clear answer. In general, they stated their lack of knowledge 
about the Composer and considered that they could assess such integration. Will Ellis pointed out 
that this will be a critical integration from a technical point of view. Lars Ingesman showed his 
concern on the integration, as there are many differences between the two systems, especially 
with respect to use cases. 

Information available on LSs/LAs resources (Question 2.2.) is seen as a critical aspect for the 
correct functioning of the SDE. Will Ellis pointed out that the lack of requirements in LSs/LAs would 
be an issue for the SDE. Kris Popat had a more positive vision, as he considers that with the 
present LSs/LAs the recommendation features of the SDE do not seem to be very relevant, but as 
the project advances and more LSs/LAs are available, these same functionalities would be more 
important. Frans van Assche identified as a critical point to be considered the trade-off between the 
amount of information available and its actual usefulness for final users. Anna Keune also provided 
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comments in this vein, as she considered that the information available will be sufficient, although it 
should be presented to final users in a more accessible way. Anna included among her comments 
specific points where these improvements may be relevant. 

In relation to data (Questions 2.3 and 2.4) we can also find responses stating the need for a large 
number of resources that justifies the need for a system such as the SDE and for keeping the 
information about them updated. For example, Lars Ingesman considered that the SDE is the most 
appropriate system to facilitate the management of an ever-growing number of resources, although 
its registration and maintenance might be a difficult task. Will Ellis also agreed on the huge amount 
of available resources, but thought it difficult to ensure that such resources “find their way to the 
SDE, so they can be appropriately recommended to teachers”. 

In relation to the utilization of the SDE by final users (Questions 2.5, 2.6 and 2.7) the 
representatives of pedagogical packages and some of the technical ones pointed out that the 
interface was not very intuitive or adequate to final users. In spite of the system not being intended 
to be accessed directly by final users, but to animate the SDE API and to test the methods 
provided as stated by the pre-testing guidelines, these comments are completely correct and 
reinforce the need for the user interface for teachers to be as intuitive and user-friendly as 
possible. In this respect, we may point out the comment from Lars Ingesman stating that we should 
start offering only the simplest functionalities, with the most complex ones being introduced once 
users gain some experience with the system.  

Questions 2.8 and 2.9 addressed possible technical problems and difficulties or barriers that may 
hinder SDE usage. Besides the comments above, participants also pointed out the dependence of 
the SDE on data to be provided by final users. For example, Will Ellis showed his concerns on the 
cost/benefit equation for users specifying their Technical Settings (TS). Cathy Lewin also 
questioned the appropriateness of the localization methods taking into account the information 
available about TS. She proposed alternate possibilities for user interaction, and additional SDE 
functionalities, such as the SDE recommending the TS needed to develop an LS. 

With respect to the last two questions on the potential benefits and other comments (Questions 3 
and 4), participants provided an overall positive assessment on the development of the SDE. Anna 
Keune indicated that “through my engagement with teachers across Europe in the context of the 
iTEC project, I learned that teachers very much appreciate localized content, as it speaks to them 
more directly than content in another language or content that has never been used in their 
country”. It should be noted that the SDE is not intended only to facilitate content localization, but 
also to recommend other resources that may be involved in the development of learning activities. 
In a similar way, Will Ellis pointed out that “it provides a genuine way for a teacher or learner to 
discover new resources that they can use in their learning and teaching, and it helps them deliver 
the innovative iTEC learning activities by guiding them in what technologies to use”. Will also 
indicates that it would be appropriate to involve teachers in the Composer-SDE integration process 
to ensure that a proper user experience could be provided. Evaluators also agreed on the need to 
invest additional resources in the development of this system, to make it closer to the capabilities 
and needs of real teachers, mainly through the improvement of its usability. 

2.2.3.2. SDE Evaluation Proposal 

WP5 is in charge of the evaluation of the resources provided by the project to develop educational 
activities in schools. Haldane & Lewin (2011) discuss the general evaluation proposals to be 
applied to the resources provided, among them the iTEC technologies that will contribute to the 
Composer-SDE system. Among the preparation activities related to the future evaluation of this 
system with final users during Cycles 4 and 5, and the evaluation of SDE functionalities, we 
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undertook the adaptation of the guidelines and proposals developed by WP5 to this particular 
case. We devote the following sections to specifying the objectives of this evaluation and to 
enumerating the evaluation questions and the resources used for data capture. 

Evaluation objectives 

According to the WP5 evaluation proposal, we adopted a benefit evaluation model for the 
evaluation of the SDE. We will try to identify how changes and systems proposed contribute to the 
positive results perceived by the various stakeholders utilizing the Composer-SDE. We will also 
keep in mind that dis-benefits may arise, which will be collected as disadvantages. 

The benefit evaluation model is an iterative process that needs to be developed and refined during 
each project cycle. The first step tries to identify the potential benefits of the SDE. After that, the 
evaluation process will identify which potential benefits have been achieved with the 
implementation, together with unexpected benefits or dis-benefits. In this way, the evaluation 
results will provide relevant information for development of the Composer-SDE during the next 
cycles. 

The potential benefits and the evaluation questions

The evaluation questions are used to focus on the expected system benefits. The questions 
identified here are a particularization for the SDE case of the evaluation questions proposed by 
WP5 for the joint project evaluation. More specifically, we kept four of the five questions proposed 
by WP5, discarding the one related to the piloting process. The four evaluation questions that will 
be considered are: 

·  EQ1: To what extent does the SDE benefit the preparation of LARGs suitable for 
learning and teaching? 

·  EQ2: To what extent is the SDE sustainable, transferable and scalable? 

·  EQ3: What are the enablers of and barriers to adoption of the SDE? 

·  EQ4: To what extent is the SDE fit for purpose (usability; connection to current practice; 
what works and what does not work)? 

Data collection 

The evaluation questions are addressed through analysis of quantitative and qualitative data. After 
the Composer-SDE usage tests, each user (teacher or ICT coordinator) has to complete a 
questionnaire and/or interview to capture both types of data. 

Quantitative data are fetched from the questionnaire as follows:  

·  levels of agreement (strongly disagree to strongly agree) on whether or not the anticipated 
benefits of using the SDE were achieved (5 point scale for each dimension); 

·  teacher judgments about the degree of innovation (technological, pedagogical) and focal 
point of change in relation to the innovation matrix (5 point scale for each dimension);  

·  how likely teachers are to use the SDE again and whether teachers would recommend the 
SDE to other teachers (3 point scale). 
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Besides quantitative data, qualitative information will also be collected through the direct 
observation of Composer-SDE user interaction and open interviews with users. These interviews 
will be focused on enablers (including training), benefits (including unexpected benefits, and dis-
benefits), and challenges. The questionnaire also collects open-ended responses (qualitative data) 
on barriers and problems. 

The data considered for each evaluation question are identified in the table below. It should be 
noted that in this evaluation proposal adaptation we discarded interviews of students and NPC, as 
they are not direct (final) users of the SDE. 

Table 10. Data considered for the evaluation of the  questions 

Data source 
EQ1 EQ2 EQ3 EQ4

Quantitative 

Questionnaire 
Main data 
source 

Main data 
source 

Minor data 
source 

Minor data 
source 

Qualitative 

Teacher 
interview 

Minor data 
source 

Main data 
source 

Main data 
source 

SDE use 
observation 

Minor data 
source 

  Main data 
source 

ICTco-ordinator 
interview 

Minor data 
source 

Minor data 
source 

Main data 
source 

Main data 
source 

Evaluation questionnaire 

In accordance with the discussion above, we propose the following questionnaire for the evaluation 
of the Composer-SDE. All users participating in the evaluation process will be asked to fill in this 
questionnaire. 

1. Benefits 
1.1. The SDE I used to prepare LARGs… (Strongly Disagree, Disagree, Neutral, Agree, 

Strongly Agree) 
1.1.1. was easy to use 
1.1.2. was essential 
1.1.3. offered some benefits in comparison to other digital tools (e.g. the Composer) 
1.1.4. offered some benefits in comparison to non-digital tools 

2. Innovation. The SDE as a tool for LARGs creation…(Strongly Disagree, Disagree, Neutral, 
Agree, Strongly Agree) 
2.1. provided orientation on the Learning Stories and Learning Activities most appropriate for a 

particular context (e.g. school, personal competences). 
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2.2. provided resource recommendations (tools, people, events, content) among the resources 
available that best met the specified requirements.

2.3. provided resources (tools, people, events, content) I had never used or I was not aware of 
and which I would never have used otherwise. 

2.4. enabled me to test that the LARGs were correctly created according to the requirements of 
Learning Activities. 

3. Future Use 
3.1. If I had to use the SDE again… 

3.1.1. I would… (free text) 
3.1.2. I would not… (free text) 
3.1.3. The real benefit of using the SDE is… (free text) 
3.1.4. The main problem of using the SDE is… (free text) 

3.2. I think that the SDE has the potential to lead to innovation in the classroom (Yes-definitely, 
Yes-probably, No) 

3.2.1. Explain why (free text) 
3.3. I intend to use the SDE again in the future (Yes-definitely, Yes-probably, No) 

3.3.1. Explain why (free text) 
3.4. I would recommend the SDE to other teachers (Yes-definitely, Yes-probably, No) 

3.4.1. Explain why (free text) 

4. Challenges 
4.1. The main organizational problems were: (free text) 
4.2. The main technical/software problems were: (free text) 
4.3. Other difficulties/barriers were: (free text) 

5. Any other comments [optional]: (free text) 

2.3. Ontology Maintenance/Updates 

Ontologies are living constructs that must be continuously revised and updated during their life 
cycle. Aware of this fact, the main methodologies in the field of Knowledge Engineering consider 
the periodical maintenance of the relations and concepts included in a conceptualization as 
discussed in Section 2.1. WP10 follows the recommendations provided by these guides, and 
includes in its work plan two specific tasks, T10.1.4 and T10.2.4, devoted to performing a 
continuous revision of the models developed during the complete project’s life cycle, refining them 
to adapt them to the new functional requirements identified in each project iteration. 

Appendix IX discusses the main changes introduced in the semantic models developed during the 
first year (cf. D10.1, Section 3 (Anido, Santos, Caeiro, Míguez, Cañas, & Fernández, 2011)). 
These changes respond to the new requirements identified by Control Boards, agreements among 
project partners, and design considerations that will eventually facilitate the development of SDE’s 
software modules. Due to the extension of the semantic model, we decided to document these 
changes in an incremental way. Based on this approach, Appendix IX only collects new classes 
and/or properties, and also those that experienced some modification with respect to the base 
model introduced in D10.1. Please refer to both documents to gain a full insight into the model of 
the system. 
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Changes made are discussed in Appendix IX according to three broad categories: 

·  Additions – new concepts and/or instances added to the Knowledge Base. 
·  Updates – modifications in the meaning of concepts and/or associated properties. 
·  Deletions – removal of concepts and/or instances from the Knowledge Base. 

To improve the readability of the appendix, each documented change is presented according to its 
context, i.e. to the corresponding element’s functional group (e.g. description of people, events). In 
addition, an explanation of the reasons of especially relevant updates is also provided. 
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CONCLUSIONS 

This deliverable, composed of this document and the attached Appendices, reports on the results 
of the tasks completed by WP10 “Support for Implementing Engaging Scenarios” during the 
second year of the iTEC project. The results obtained fulfil the objectives stated in the Description 
of Work for the second year. WP10 activities performed during this period were driven by the 
methodology established for this work package in the Description of Work, which was discussed in 
D10.1. According to this methodology and the original work plan in the DoW, the second project 
year was focused on: (1) the construction of the first functional version of the SDE according to the 
guidelines established by the Reference Architecture produced in Year One and reported in D10.1 
and (2) the execution of the first iteration of the ontology evaluation process created during the first 
year, and the generation of the corresponding updates. 

Chapter 1 reports on the activities related to the software implementation of the SDE. First, and 
together with the deliverable introduction, we establish the role played by the SDE in relation to the 
complete iTEC Cloud, namely to provide a software engine whose services are accessible through 
an API to support the Composer to perform Technical Localization and Resource Planning. Section 
1.1 presents an overview of the SDE API, whose full specification can be found in Appendix III. 
Services provided through the SDE API can be classified into three broad groups: (1) Technical 
Localization, (2) Resource Planning, and (3) Validation. Semantic technologies served as the 
foundation for the implementation of all methods in these three groups. However, the Resource 
Planning group is the most complex, as it requires the implementation of recommendation 
strategies that support the generation of resource rankings to sort the resources recommended to 
users according to their relevance. Section 1.2 discusses in detail the algorithms used by the SDE, 
and the reasons why they were selected taking into account the existing literature on general 
recommendation strategies and mechanisms. We would like to stress that the participation of the 
members of the Control Boards (cf. Appendix II) established in the first project year has been 
instrumental in taking decisions on recommendation strategies and, more specifically, in defining 
the relative weight that each factor relevant to the ranking of resources must have. Finally, Section 
1.3 enumerates the main technologies supporting the SDE implementation, together with its main 
modules and the way they communicate and collaborate to process calls to the SDE API. In 
addition, as the real benefit of recommendations depends largely on the quantity and quality of 
data (resources) available as input to the recommendation process, we have performed a 
preliminary research (cf. Appendices IV, V and VI) of the different options available to enrich the 
Knowledge Base managed by the SDE using information from external sources. The information 
enrichment process using data from external sources is a complex process requiring a 
commensurate effort, especially when we want to make the most of non-structured or weakly 
structured sources. As the benefits from this enrichment are not evident at this stage and this task 
was not included within the Description of Work, WP10 leader together with the project 
management will need to assess the feasibility of this activity within the resources and timescale of 
the project.  

Chapter 2 reports on ontology evaluation and maintenance. Ontology generation requires a series 
of iterations to adjust the ontological model to the real world to be modelled, i.e. the target of 
ontology design. Section 2.1 introduces the different approaches to evaluation utilized by several 
methodologies for ontology creation. All methodologies analysed acknowledge the need to perform 
evaluation tasks, even before using the ontology through applications providing services to final 
users. In this way, it is possible to perform corrections and refinements to improve the ontology’s 
capabilities to model the universe of discourse, and therefore to serve its purpose. Section 2.2 
reports on the evaluation of the first version of the ontology that was carried out during Year 2. The 
SPARQL queries used during the verification phase are included in Appendix VII. The generation 
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of these queries on the ontology enabled us to verify that the competence questions developed in 
collaboration with Control Board members during ontology design can be effectively executed and 
responded by it. The validation phase, which tries to assess the adequacy of the ontology to model 
the universe of discourse and to serve its purpose, has been performed with the help of a reduced 
group of Control Board members, mostly representing work package leaders, having a broader 
knowledge and involvement in the different project activities. Finally, the assessment phase 
includes the participation of final users. The usage of the SDE and the underlying ontology is 
performed through the Composer. Since the SDE-Composer integration is scheduled for autumn 
2012 as a prelude to its use in Cycle 4, we decided to perform a pre-testing with a focus group. For 
that, we developed a specific user interface (cf. Appendix VIII) to invoke SDE API methods to 
animate the API. With this, we were able both to evaluate the SDE implementation and to obtain 
initial feedback on the underlying ontology. The results of this evaluation process, together with the 
evolution of the project objectives, were used to perform a first ontology update to generate its 
second version. Section 2.3 introduces the main updates performed, details of which are included 
in Appendix IX.  

With the completion of the tasks reported above, WP10 fulfils its plan for the second year of the 
project. The first complete version of the SDE was delivered in February 2012, with a preliminary 
version in November 2011. These versions implement the basic flow of events for all use cases 
defined in D10.1, in line with the technical delivery planning. As mentioned, testing with end-users 
(teachers and national coordinators mainly) is scheduled for Year 3 of the project.  This is due to 
the dependencies between WP10 and other WPs. On the one hand, the SDE needs to harvest 
data from the People and Events Directory (WP9), the Widget Store27 (WP8) and the Composer 
back-end (WP7). For this to be possible, an appropriate harvesting interface, as identified in the 
second year iTEC architecture, needs to be implemented and the corresponding repositories 
populated.28 On the other hand, the services provided by the SDE need to be accessed through 
the Composer user interface, which requires the latter component to invoke the services offered by 
the API of the former. Earlier integration would be desirable; however this is precluded by the 
overall prioritization and scheduling of the project, e.g. the Description of Work has some timing 
mismatches (the directory service in WP 9 is scheduled for month 21). Secondly, the priorities of 
the project as a whole are focused on the efforts of WP7 and 8 to produce tools (e.g. shells, 
widgets) for the earlier cycles to be used by teachers during the pilots as soon as possible. The 
technical group met again in July 2012 in Brussels, where a strategy for Year 3 was defined, 
including plans for the integration of the outcomes from the different technical work packages. The 
original Description of Work and the decisions taken in this meeting define the work plan for WP10 
during the third year of the project, which is outlined below. 

Once the first version of the SDE implementation has been completed, activities within WP10 will 
be targeted to the update and maintenance of both the ontology (T10.1.4 and T10.2.4) and the 
SDE and its recommendation algorithms (T10.3.3 and T10.4.3). During the technical meeting in 
July 2012 it was decided to focus the efforts of technical partners during the first months of Year 3 
on supporting the use of Tools. According to this guideline, the main activities of WP10 will 

                                                

27 An initial integration using a REST interface was carried out in early July 2012 

28 The only repository fully integrated is the EUN’s Learning Resource Exchange, which provides information 
on Learning Content. Although iTEC is not focused on the use of “traditional” learning objects, this 
integration would allow researching how requirements for Learning Content can be integrated in Learning 
Activities and therefore benefit from the SDE methods recommending content from the LRE already 
implemented. 
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primarily address the update of requirements and the improvement of the implementation of 
methods and algorithms supporting the recommendation of Tools. The SDE-Composer integration 
will also be performed during the first months of Year 3, which will require collaboration between 
WP7 and WP10 and will enable the gathering of feedback from final users utilizing the 
recommendations provided by the SDE through the Composer. 

WP10 tasks will be completed during the third project year with the integration of the SDE with the 
People & Events Directory, once this repository offers the corresponding harvesting interfaces and 
the directory itself is populated with actual data. This is expected to happen in the first half of Year 
3. The possibility of accessing real information about people and events will facilitate the tasks 
related to requirement updates and ontology maintenance, and also updates related to 
recommendations for these types of resources. These latter tasks are scheduled to be performed 
by WP10 during the second half of the third project year.  

Both the updates of the recommendations algorithms and the semantic models will be supported 
again during the rest of the project by the Control Boards created in the first year of the project. 
After the initial difficulties experienced during Year 1, Control Boards proved to be an efficient 
instrument to drive decisions needed in WP10. The validation of the ontology and the definition of 
the relative weights for the recommendation factors are clear examples of this. 


