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Executive Summary

This deliverable summarizes the activities related to populating REASE, the repository of EASE for learning units about Semantic Web topics, with learning resources. The number of learning resources published by KnowledgeWeb members or resulting from events organized by KnowledgeWeb increased from about 30 at the end of 2004 and about 50 at the end of 2005 to 81 at the end of 2006 and finally 119 in September 2007. Even though we concentrated on the creation of material for industrial education already in 2005 and 2006, our focus for 2007 still was on such industrial materials, but also on publishing material different from ‘slides only’ resources. Specifically, we continued to publish a series of one hour lecture recordings from the KnowledgeWeb summer school and also recordings from the ISWC industry track 2006 (provided by videolectures.net).

This deliverable also presents the evaluation of the REASE catalogue version 1.1. The underlying Semantic Web Topic Hierarchy was developed in 2005 and refined in 2006 in a more general discussion of a Semantic Web Topic Hierarchy among KnowledgeWeb and REWERSE participants. Though the evaluation of taxonomies is in general a difficult task, we have found some evidence that our taxonomy is reasonable, based on both manual inspection and on statistics taken from publications in Semantic Web topics. The topic hierarchy was refined and extended again in 2007 to reflect recent changes in the domain as well as add missing features and the outcome of the evaluation from 2006.
To control the quality of the published learning units, we have set up a list of quality guidelines, which have to be followed when publishing learning units. This is complemented by a quality management process which determines how the guidelines are actually enforced. In 2006 we implemented that quality management process involving the editorial board. However, the quality of the published learning resources is very high in general and did not require major actions neither in 2006 nor in 2007 to enforce the quality guidelines.

Finally this deliverable comprises also an evaluation of the usage of REASE and the published learning units using a log file analysis, the results of a questionnaire, sent to all 230 users of REASE (as of September 2006) and the results of a user study, conducted with more than 30 people at three different locations in November 2006. 

This analysis was reworked in 2007 and has been thoroughly rewritten as a journal paper about REASE, which has been accepted for publication and will appear soon. Though the users in general were quite satisfied with REASE, they made a large number of suggestions to improve REASE, which have guided our efforts related to REASE in 2007.

To summarize, the main contributions in 2007 are:

· Additional 38 learning resources by KnowledgeWeb partners

· Version 2 of the Semantic Web Topic Hierarchy 

· Update of REASE: further refinement of the user interface

· Improved evaluation of REASE

To ensure the sustainability of the results of WP3.1, we have published the Semantic Topic Hierarchy on the ontoworld wiki so that its development can be continued by anyone after the end of the KnowledgeWeb funding. In the same spirit, REASE will be taken over by EASE in 2008 to ensure that it will be continued. 
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1 Introduction

This deliverable is intended to document the work in the education area related to publishing educational material on REASE, the Repository of EASE for learning units
. It is an extension of D3.1.5v2, published a year ago, which reported about the following issues:

· Publishing more learning resources, especially ones for industry

· Extend and evaluate the REASE catalogue to allow for a more effective search

· Creating guidelines and procedures for quality management

· Evaluate formally the  REASE platform, focusing on user interface issues

Besides updating the statistics about the usage of REASE, we have focused on the following issues in the past 10 months:

· Contact our industry board to find out about requirements with regard to learning resources

· Extend the REASE catalogue and the underlying Semantic Web topic hierarchy to version 2

· Continue publishing learning resources, especially ones for industrial education and those based on video recordings

· Refine the evaluation of the REASE platform by adding a log file analysis to the originally two orthogonal strategies:

· Send a questionnaire to actual REASE users
· Conduct a user study in a controlled classroom environment

These activities will be reported in more detail in the following sections. We start with a description of the industry questionnaire, which was developed to get feedback about what resources are expected to be found on REASE.
2 The Industry Questionnaire

One particularly important issue to achieve a high impact in the community of industrial users of REASE is to get to know what learning resources are important for this community. Hence, we prepared a questionnaire (cf. http://www.l3s.de/kweb/REASE-industry ) to get feedback about the relevance of selected Semantic Web topics (either now or in the near / far future) for the business of professionals being interested in Semantic Web. We basically used the list of Semantic Web “core” topics and “special topics” available from the Semantic Web Topic Hierarchy version 1.1 plus those which we already had on our list to be included in version 2 of the topic hierarchy. 

We distributed the questionnaire by email to our industrial partners and also in paper to the participants of the ESTC conference 2007 in Vienna. We received feedback from 15 persons with 7 coming from ‘Aerospace’ industries, 4 from ‘Technology and Solution Provider’, 2 from ‘Telecommunications’, and one from ‘Banking and finance’ and ‘Automobile Industry’ each. As a result, the following topics were mentioned most often:
· Semantic Knowledge Management

· Semantic IR / search

· XML

· Knowledge Representation

· Semantic visualization / browsing tools / plug-ins

· Ontology / knowledge repositories

· Tools for engineering semantics (editors, …)

· OWL languages

· Rules / rule languages

· Ontology integration

Even though the results of the questionnaire are not representative due to the low number of responses, at least having “Semantic Knowledge Management” as the most relevant topic coincides with the fact that the most often booked resource on REASE for industrial audiences in fact is about Knowledge Management. Even though we did not have “Semantic IR” as topic in the catalogue when the questionnaire was prepared we already had quite a number of resources dealing with this topics, which was found during the manual reclassification step of the resources after having updated the REASE catalogue to version 2 of the topic hierarchy. For “XML”, we do not have many resources simply because it was not our focus (though it is an important building brick, it is not a core component of the Semantic Web) and there are other good sources for learning material (W3C XML tutorials). To suit the needs of Semantic Web users, we have added links to these tutorials on REASE.

For “knowledge representation”, “tools”, and “OWL” we also already have a reasonable number of resources in REASE, for “visualization/ browsing” and “repositories” there are currently very few resources yet (we are in the process to fill this gap). The following table lists the available resources for each topic:
	Topic
	Resources for any audience
	Resources for industrial audience
	In topic hierarchy v1.1

	Knowledge Management
	11
	7
	Yes

	Semantic IR / Search
	12
	10
	No

	XML
	6
	1
	Yes

	Knowledge Representation
	24
	6
	Yes

	Visualization / browsing
	2
	2
	No

	Repositories
	2
	1
	No

	Tools
	26
	18
	Yes

	OWL
	23
	14
	Yes

	Rules
	19
	5
	Yes

	Ontology integration
	10
	10
	Yes


So instead of identifying topics which are not yet covered by REASE, the questionnaire rather helped us to improve the topic hierarchy. At least, we were urgently lacking three from the 10 most often mentioned topics, most notably the category ‘semantic IR / search’ which has been added in version 2 of the REASE catalogue as application are for Semantic Web technology.
3 The REASE Catalogue

As described in D3.3.2v2, the REASE catalogue initially comprised only five categories. However, when more and more learning resources were added, it became clear that this initial classification was no longer sufficient, so we initiated a general discussion about a Semantic Web curriculum, the so-called Semantic Web Topic Hierarchy
 together with the NoE REWERSE, in order to align the REASE catalogue with already started curriculum activities in REWERSE. In 2006, we moved the Semantic Web curriculum to the OntoWorld wiki, a Wiki system which is itself semantically enhanced. Specifically, we have included the Semantic Web topic hierarchy into the Wiki categorization scheme. This way, other users of the OntoWorld wiki, for example, who are using it to publish workshop or conference announcements, can use the topic hierarchy for classification of any wiki page. Furthermore, keeping the topic hierarchy and the discussion about its development in a public wiki ensures a high degree of sustainability. As an outcome of last year’s evaluation, we have published version 2 of the topic hierarchy (cf. the following section), which extends the hierarchy from 58 categories to 70 categories, adding new ones as well as deleting some. 
3.1 The Semantic Web Topic Hierarchy, version 2
The Semantic Web Topic Hierarchy was developed jointly with REWERSE starting from the initial curriculum as discussed in the REWERSE deliverable E-D5. In 2007, advances were made along four lines, mainly to ensure a high sustainability of the topic hierarchy activities:

1. Discussion version 1.1 of the topic hierarchy and update to version 2

2. Adding the development history of the topic hierarchy to the ontoworld wiki

3. Adding a flexible mechanism for emerging topics which are (not yet) included in the topic hierarchy

4. Connecting different prototypes and results of KnowledgeWeb using the wiki.
More details about the history of the topic hierarchy and older versions are available at http://ontoworld.org/wiki/History_of_the_Semantic_Web_Topic_Hierarchy. The current version of the topic hierarchy with explanations, e.g., more information about at which version a topic was added, is available at http://ontoworld.org/wiki/Semantic_Web_Topic_Hierarchy, a list of potentially emerging topics can be found at http://ontoworld.org/wiki/Emerging_Semantic_Web_Topics.
Overall Structure

The structure of the topic hierarchy is in general three-fold:

· Foundations

· Semantic Web Core Topics

· Semantic Web Special Topics

3.1.1 Foundations

The foundations top-level category comprises the following categories and sub-categories:

· Knowledge Engineering / Ontology Engineering 

· Ontology Engineering Methodologies 

· Ontology Construction / Learning / Population 

· Ontology Evolution / Maintenance / Versioning (Dynamics) 

· Ontology Mapping / Translation / Matching / Aligning (Heterogeneity) 

· Ontology Evaluation / Validation 

· Ontology Interoperability / Integration / Merging 

· Ontology Modularization and Composition 

· Ontology Engineering Tools 

· Ontology Visualization

· Knowledge Representation and Reasoning 

· Logics 

· Description Logics 

· F-Logic 

· First-Order Logic 

· Temporal Logic 

· Fuzzy Logics

· Logic Programming 

· Horn Logic 

· Datalog 

· Prolog 

· Hilog 

· Monotonic and Nonmonotonic Negations

· Reasoning 

· Reasoning Engines / Theorem Provers 

· Fuzzy Reasoning
· Basic Web Information Technologies 

· XML 

· Web Data Integration 

· Web Services 

· Web Service Discovery 

· Web Service Composition 

· Personalization Techniques 

· Web Data Extraction / Information Extraction 

· Agents 

· Natural Language Processing 

· Security / Trust / Privacy 

· Machine Learning 

· Rules 

· Deductive Rules 

· Reactive Rules 

· Rule Visualization 

· Information Access 

· Query Languages 

· Browsing / Navigational Access 

· Query Algebra 

· Query Optimization 

· Visual Querying 

· Event Queries
3.1.2 Semantic Web Core Topics
The Semantic Web Core Topic top-level category contains:
· Semantic Web Information Access 

· Semantic Web Query Languages 

· Semantic Web Browsing 

· Ontologies on the Semantic Web 

· OWL 

· Resource Description Framework / RDFSchema 

· Legacy Ontology Languages (DAML, DAML+OIL) 

· Ontology Repositories 

· Ontology Instances 

· Upper-Level Ontologies / Top-Level Ontologies 

· Domain Ontologies 

· Semantic Annotation / Microformats 

· Web and Semantic Web Rules 

· Rule Languages 

· Rule Markup 

· Integration of Rules and Ontologies 

· Distributed Rule Processing 

· Semantic Web Application Domains 

· Knowledge Management 

· elearning 

· Bioinformatics 

· Multimedia 

· ehealth 

· ebusiness 

· eGovernment 

· Information Retrieval / Search 

· eCulture 

· Human resources 

· Blogs 

· Business Rules 

· Wikis 

· Digital Libraries 

· Data Integration / Enterprise Information Integration 

· Reasoning in the Semantic Web

3.1.3 Semantic Web Special Topics

· Natural Language Processing / Human Language Technologies 

· Social Impact of the Semantic Web 

· Social Networks and Semantic Web 

· Peer-to-Peer and Semantic Web 

· Agents and Semantic Web 

· Semantic Grid 

· Outreach to Industry 

· Benchmarking / Semantic Web Scalability 

· Semantic Web Services 

· Semantic Desktop

3.1.4 Reclassification 

In general, we tried to ensure a backward compatibility to previous versions of the topic hierarchy as far as possible. However, this has been a matter of trade-offs in the past. Most notably, some categories being in version 1.1 turned out to be too specific compared to others, so that they had to be removed for consistency reasons even though they were used (rarely). For applications using the topic hierarchy (such as REASE), a fully automatic reclassification approach could, hence, no longer be guaranteed during the update to version 2 of the topic hierarchy. 
3.1.5 The Ontoworld wiki: The Central Connector

Using the ontoworld wiki as main connector of the different outcomes of KnowledgeWeb was one of the main efforts in 2007. For this purpose, we have created the following mandatory standard structure for all topics in the topic hierarchy (which can be enhanced with more optional parts):

General information about the topic:

· Short definition of the topic

· Short statement about when the topic was introduced in the topic hierarchy plus links to the main topic hierarchy and the history of the topic hierarchy.  

General links to other KnowledgeWeb prototypes:

· Search for Semantic Web publications using FacetedDBLP (the search is restricted to the main venues publishing about 'Semantic Web' including the conferences ISWC, ESWC, EKAW, WWW, RuleML, Web Intelligence, ASWC, ESWS, SWWS, PPWSR, RR and the journals IEEE Intelligent Systems, and Journal of Web Semantics). 

· Search for computer science publications using FacetedDBLP 

· Search for computer science experts using ASPL-2 

· Search for computer science publishing venues using ASPL-2 

· Search for Semantic Web tools and applications for Ontology engineering methodology 

· Search for Semantic Web educational resources on REASE 

· Search on the web pages of the Ontology Outreach Advisory

General links to other useful Web resources

· Search for scientific publications as phrase or bag of keywords on Google Scholar 

· Search as phrase or bag of keywords on Google 

· Look into Wikipedia 

Articles in category: 
This shows the usage of the topic within the ontoworld wiki itself. These annotations are not necessarily an outcome of KnowledgeWeb but also reflect the impact of the topic hierarchy on the ontoworld users in general.
Figure 1 shows an example topic on the ontoworld wiki for ‘ontology learning’
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Figure 1: Ontoworld topic 'ontology learning'

Optionally, we have added further links to topic-specific resources, such as the web page of the Ontology Outreach Advisory use case studio for the topic ‘ehealth’. 

All these wiki pages can be enhanced by anyone visiting the ontoworld wiki with the exception of the main topic hierarchy page, which can be changed by wiki administrators only to ensure that the version of the topic hierarchy remains unchanged. However, any ontoworld user can make a copy and open up new wiki pages with separate versions of the topic hierarchy. 

3.2 Evaluation of the Semantic Web Topic Hierarchy version 1.1

Topic-based classifications are an important part of information retrieval. The topic hierarchy of REASE is intended to guide users to quickly and correctly find the learning units they seek. Although we use several metadata elements to describe a learning unit, the topic hierarchy is seen as a formal description, and thus it enables simple reasoning. For example, if ‘ontology mapping’ is a sub-topic of ‘ontology engineering’, then all learning units that are classified under ‘ontology mapping’ are also instances of the topic ‘ontology engineering’.

In order for the topic hierarchy of REASE to be effective, first, the learning units should be correctly classified. To meet this requirement, we engaged human experts to review and assure that (all and only) the relevant topics appear in the description of a learning unit. Second, the topic hierarchy itself should be expressive. This means that the hierarchy should be descriptive enough to indicate what a learning unit is about and intuitive enough so that users can easily understand and use it. We have found that this requirement is indeed not an easy goal to achieve, because of its subjective nature. In the following we describe this difficulty and our approach to build and validate the REASE hierarchy.

Although topic classification is an old subject matter especially in the libraries world, it has always been a difficult issue. Topic classification can be viewed from a variety of perspectives ranging from the purely ad hoc and pragmatic to the purely philosophical, see [WJ99]. 

As the term topic typically means an area of knowledge [WJ99], the problem of classifying such knowledge depends on how mature the understanding of the area is and to what degree it is shared within a community. Some areas of knowledge change very rapidly, especially IT research topics. In addition, people with different backgrounds view topic classification differently [GMZ06]. This is due to the different expectations of what activities in an area of knowledge are. 

J. Doyle stated: “It became clear to me that the main organizing principle for indices, at least for most people, is sociological. That is, one structures the index not to reflect conceptual relations, but to reflect things like what populations of people like to work together, what do they think of as the current main topics of interest, etc.” [WJ99].

C. Welty added: “as a consequence of the social nature of topic organization, the stability of a particular section of the hierarchy seems to be directly tied to the field’s maturity.”

In short, topic classifications are subjective knowledge, they are mostly influenced by personal tastes, may reflect fundamental disagreements, and change rapidly.

With this in mind, our approach to build the topic hierarchy of REASE is guided by the following two aspects.

1. The topic hierarchy should be built by active and up-to-date researchers. As such researchers are supposed to be aware of the research directions and activities in the semantic web area, we expect the topic hierarchy to be more stable and to reflect a relatively mature understanding of the subject matter.

2. It should build on existing classifications if available.

3. In order for the topic hierarchy to be intuitive and easy to understand by users, the labels in the topic hierarchy should be familiar and frequently used in the semantic web community. 

Regarding the first aspect, the REASE topic hierarchy has been built by a group of active researchers in KnowledgeWeb and REWERSE. It has been discussed on the mailing lists of KnowledgeWeb and REWERSE, for over a year, and around 300 emails were exchanged about it. Furthermore, the researchers involved in this discussion originated from different backgrounds, such as: artificial intelligence, peer-to-peer, database, natural language processing, business informatics, etc.

The Semantic Web Topic Hierarchy is also built upon existing classifications, namely the ACM Computer Classification System as mentioned before and as explained in more detail in the REWERSE deliverable E-D7.

For the third aspect, we cross-validated our topic hierarchy with frequently used keywords from Semantic Web publications. For this purpose, we extracted the author keywords of all Semantic Web publications in the popular DBLP archive, performed a standard set of methods for cleaning them (e.g., stemming), and created a list of co-occurring keywords, sorted by the number of co-occurrences, restricting ourselves to those keywords that occur at least 5 times with Semantic Web (cf. Table 1) 

Table 1: Co-occurring Keywords from Semantic Web publications in DBLP

	ontology
	95
	Matchmaking
	7

	web services        
	39
	Personalization
	6

	RDF                 
	34
	Ontology mapping
	6

	OWL                 
	19
	Information integration
	6

	XML                 
	18
	DAML+OIL
	6

	metadata            
	16
	e-Learning
	6

	knowledge representation
	12
	Semantic Web Services
	6

	information retrieval       
	11
	Interoperability
	6

	knowledge management
	11
	machine learning    
	6

	Agents
	10
	OWL-S
	5

	Description Logics
	10
	User interface      
	5

	annotation          
	9
	Web service composition
	5

	P2P
	8
	RDFS
	5

	Semantic annotation
	8
	Rules
	5

	Information extraction
	8
	Automated reasoning
	5

	Search
	7
	multimedia          
	5

	DAML
	7
	e-commerce
	5


The REASE topic hierarchy comprises directly contains 22 out of the 34 terms in Table 1, namely  ‘ontology’, ‘web services’, ‘RDF’, ‘OWL’, ‘XML’, ‘knowledge representation’, ‘knowledge management’, ‘agents’, ‘description logics’, ‘peer-to-peer’, ‘information extraction’, ‘personalization’, ‘ontology mapping’, ‘information integration’, ‘e-Learning’, ‘Semantic Web Services’, ‘interoperability’, ‘RDFS’, ‘rules’, ‘(automated) reasoning’, ‘multimedia’, and ‘e-commerce’ (in our hierarchy called eBusiness). 4 out of the remaining 12 are very general including ‘metadata’, ‘annotation’, ‘semantic annotation’, and ‘user interface’. The two keywords about predecessor languages of OWL (‘DAML’ and ‘DAML+OIL’) can be easily classified into the category ‘Ontology Representation / Ontology Languages / OWL’ and are, hence, also included in the Semantic Web Topic Hierarchy. Three of the remaining topics are subtopics of ‘Semantic Web Services’, namely ‘matchmaking’, ‘OWL-S’, and ‘Web service composition’ They might be added to refine the Semantic Web Service category in the future. 

As a result of this analysis, we considered including the topic ‘search / information retrieval’, and ‘machine learning’ as an application area in the Semantic Web Topic Hierarchy. 

The remaining 50 terms in the Semantic Web Topic Hierarchy do not co-occur with ‘Semantic Web’ more than five times and are, hence, not listed in Table 1. This is mostly because they are very specific and typically not used as author keywords (like [image: image1.jpg]knowledgeweb

realizing the semantic web



the subtopics of ‘XML’) or very rarely only (like ‘Logic Programming’ co-occurring 4 times with ‘Semantic Web’). We will analyze the usage of the categories in REASE in more detail in Section 3.

We also developed the Semantic GrowBag approach [DBT06] to automatically find tag graphs, i.e. relations between topics (which are not necessarily hierarchical) from tagged object collections, for example, publication databases annotated with author keywords. We used the same DBLP dataset, enhanced with author keywords to get a tag graph for ‘Semantic Web’ as shown in Figure 1.

In this figure (generated using author keywords from publications in the period 2001-2005), ‘Semantic Web’ is depicted with a black background, and the main related concepts (i.e. ‘ontology’, ‘web services’, ‘RDF’, ‘metadata’, ‘knowledge representation’, ‘description logics’, and ‘OWL’), as found from a co-occurrence analysis, are shown with a grey background. Arrows in general can be best described to mean ‘is related to and more specific’, but quite some of them are also ‘hierarchical’ and actually mean ‘subsume’. The confidence in the automatically computed relations is shown with bold lines and two-headed arrows for strong confidence and with a dashed line for a weak confidence. More details about the GrowBag scheme can be found in [DBT06] and [DB07].

As a result, GrowBag confirms the Semantic Web Topic Hierarchy in the following aspects:

· The topics ‘web services’, ‘description logics’, and ‘knowledge representation’ are all important, but not a subtopic of ‘Semantic Web’ (in the Semantic Web Topic Hierarchy they all belong to the ‘foundation’ part)

· The topics ‘ontology’, ‘RDF’, and ‘OWL’ are all subtopics of ‘Semantic Web’ (strong confidence)

· The topics ‘rules’, ‘reasoning’, and ‘Semantic Web Services’ are subtopics of ‘Semantic Web’ (weak confidence)

Further interesting findings (those involving strong relations) are:

·  ‘RDF’ is a subtopic of ‘metadata’

· ‘Ontology’ is a super-topic of ‘service composition’ as well as ‘Web service’ is a super-topic of ‘service composition’. This is the connection between the tag graph of ‘semantic web’ and ‘web service’ (“semantic web service” does not take this role because authors do neither use the pair ‘semantic web’ and ‘semantic web service’ nor the pair ‘web service’ and ‘semantic web service’).

No further keywords are found in the tag graph of ‘Semantic Web’ which appeared to be missing in the Semantic Web Topic Hierarchy. 
3.3 The REASE Catalogue

While the Semantic Web Topic Hierarchy reflects, of course, a compromise among the different opinions within the Semantic Web community (e.g., some consider `natural language processing’ as a foundational topic while others treat it as special topic), we had to generate an even more simplified version for technical reasons: the REASE catalogue, though customizable, can only handle up to two hierarchical levels at maximum. This has also the advantage that the number of categories is more limited, so REASE users are not `lost’ in too many catalogue categories.

As a result, we skipped the first-level hierarchy of `foundations’, `Semantic Web core topics’ as there sometimes also is no real distinction between them (there was, for example, quite some discussion during the creation of the topic hierarchy whether ontologies are foundational or belong to the core topics). Furthermore, we ignored all subcategories of a depth larger than 2 (e.g., the subcategories of `Logics’, `Logic Programming’, and `XML’), since it was not expected that learning material in REASE will deal specifically with one of the subtopics. Instead, it is expected that learning units in these topics give an overview, for example, on `Logics’ and discuss most of the sub-categories.

As a result, the REASE catalogue comprises the following topics:
· Knowledge Engineering / Ontology Engineering 

· Ontology Engineering Methodologies 

· Ontology Construction / Learning / Population

· Ontology Evolution / Maintenance / Versioning (Dynamics) 

· Ontology Mapping / Translation / Matching / Aligning (Heterogeneity)

· Ontology Evaluation / Validation 

· Ontology Interoperability / Integration / Merging 

· Ontology Modularization and Composition 

· Ontology Engineering Tools 

· Ontology Visualization 

· Knowledge Representation and Reasoning 

· Logics 

· Logic Programming 

· Reasoning 

· Basic Web Information Technologies 

· XML 

· Web Data Integration 

· Web Services 

· Personalization Techniques 

· Information Extraction / Web Data Extraction 

· Information Access 

· Query Languages 

· Browsing 

· Query Algebra 

· Query Optimization 

· Visual Querying 

· Event Queries 

· Ontologies on the Semantic Web 

· OWL 

· Resource Description Framework / RDFSchema 

· Legacy Languages (DAML, DAML+OIL) 

· Ontology Repositories 

· Ontology Instances 

· Semantic Annotation 

· Rules

· Rule Languages 

· Rule Markup 

· Integration of Rules and Ontologies 

· Distributed Rule Processing 

· Deductive Rules 

· Reactive Rules 

· Rule Visualization 

· Security / Trust / Privacy in the Semantic Web 

· Application Domains 

· Knowledge Management 

· elearning 

· Bioinformatics 

· Multimedia 

· ehealth 

· ebusiness 

· eGovernment 

· Information Retrieval / Search 

· eCulture 

· Human resources 

· Blogs 

· Business Rules 

· Wikis 

· Digital Libraries 

· Data Integration / Enterprise Information Integration 

· Special Topics 

· Natural Language Processing / Human Language Technologies 

· Social Impact of the Semantic Web 

· Social Networks and Semantic Web 

· Peer-to-Peer and Semantic Web 

· Agents and Semantic Web 

· Semantic Grid 

· Outreach to Industry 

· Benchmarking Scalability 

· Semantic Web Services 

· Semantic Desktop

Of course, this catalogue will be discussed further in the future to adapt to the dynamics of the Semantic Web domain.

4 List of Published Learning Units

This section summarizes the learning units that have been published on REASE by the end of 2007. In contrast to previous versions, we do not list all deliverables separately for space reasons. All resources can be viewed directly on REASE at http://rease.semanticweb.org. 

4.1 Overview and Statistics

The following Figure 2 depicts the number of learning resources available on REASE since it was put online in July 2004.
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Figure 2: Published Learning Units on REASE
In total 178 learning units were published on REASE, of which 119 were published by KnowledgeWeb partners. 78 of these learning units (44%) are especially suited for industrial education. (as of 1st November 2007). 

A couple of main events can be identified, In October / November 2004, an initial set of learning units was published as a result of the first public announcement of REASE in October 2004. A second significantly large set of resources was added in June / July 2005 by the tutors of the REWERSE summer school, who were required to add their resources before the start of the summer school. More resources were added step by step at the end of 2005 as a result of further educational activities in KnowledgeWeb, such as the industry-education events (reported in D3.2.9). The REWERSE summer school slides of 2006 were added during the whole year 2006 while the KnowledgeWeb summer school recordings of 2005 and the presentations of the ESWC industrial day were added in December 2006. In February 2007, we announcements for educational events provided by the Semantic Web School in Austria were added as well as the video recordings of the KnowledgeWeb summer school 2006. In June 2007, the presentations of the industry awareness day of Semantics 2006 were included in REASE. The industry track presentations of ISWC 2006 were added in August 2007 together with the keynote presentations of ESWC 2007 and the presentations from the ESTC 2007. 
In summary, we focused on publishing material for industrial audiences in the past month and the percentage of courses suited for industrial education has grown from less than 10% at the beginning of 2005 and 25% at the end of 2005 to 30% at the end of 2006 and 44% in November 2007. 
5 Evaluation of REASE

As discussed in the previous deliverable D3.1.4, the development of REASE has reached a stage of maturity where it requires some formal evaluation of its quality and effectiveness. This evaluation needs to be carried out on various dimensions: 

· Does the existence of REASE fulfill a needed role? 

· Is the quality of material in REASE of a suitable standard? 

· Is there sufficient material in REASE to make it worthwhile? 

· Are the mechanisms for finding information within REASE adequate? 

· Are there mechanisms for providing material in REASE adequate? 

· Is the usability of REASE acceptable? 

We have therefore carried out a two-part evaluation in 2006: first, in the form of a questionnaire sent to all users of REASE, and an analysis of their responses; and second, a task-based study completed by selected volunteers. As a follow-up to the evaluation in the last version of this report, we have prepared in 2007 a journal paper about the evaluation, which also includes a transaction log file analysis. This journal paper has been accepted for publication and is available in the appendix of this report. It supersedes the original version of the evaluation report provided in the previous version of this report.  

6 Quality Guidelines and Procedures

To assure a high quality of the material stored in REASE, a review process is required, especially since REASE is now moving more towards the public (we could assume a reasonable degree of quality for the material published from KnowledgeWeb / REWERSE partners up to now, but this will not necessarily be the case if people from outside both projects start uploading material). For this reason, we have set up a list of quality guidelines which are to be fulfilled before the learning material is finally accepted to be published at REASE. This is necessary to ensure that REASE can achieve a high reputation in the area of ‘learning about Semantic Web’. The quality guidelines will evolve over time, so this section only describes the current state of the quality guidelines.

The quality of each learning unit is related to two major areas: technical requirements and requirements regarding the content.

6.1 Technical Requirements

The technical requirements define all issues which are not related to the content of a learning unit. Specifically, this comprises:

6.1.1 Non-Proprietary File Formats

To ensure that learning units do not depend on specific applications to be able to use them, they should not be published in proprietary file formats. As an example, the very popular file formats for Microsoft Office applications are very difficult to read for users from other operating systems.

Therefore, we require strictly that learning units must be provided at least in one non-proprietary format. However, we do want to keep the proprietary (source) formats additionally as many people work with them and reuse them for their own purposes (if the licence allows this).

Therefore, to support providing proprietary (editable) source files together with non-proprietary (read-only) versions, we have integrated an automatic conversion tool into REASE (Linbox
). If the learning resource provider uploads their material in one of the Office file formats, they will be automatically converted into a PDF file and a selection between both is presented to REASE users, who want to access the learning resource.

6.1.2 Uploading Material vs. Linking

Basically, each learning material provider has the choice to either upload their material to the REASE server or to provide a URL to where the learning material is located.

Providing a link basically has the potential advantage that updates are available instantaneously and automatically. However, it carries the risk that the material will not be available at all, for example, after a re-organization of the web server or if the provider changes institution. Furthermore, it is not possible to automatically convert proprietary file formats (as mentioned in the section above). Therefore, we require that material is uploaded instead of providing a URL only, unless the material is itself in HTML.

6.1.3 Metadata

To implement a reasonable search service on REASE, it is essential that a sufficient number of metadata fields is specified for each resource. The main part of verifying this metadata is already done by the system. On the one hand, the REASE catalogue provides a classification into the most popular Semantic Web Topics, on the other hand the most important additional metadata fields apart from the classification are ‘mandatory’ in the sense that the system will not allow the user to complete the upload of the material until the mandatory metadata fields are specified. However, if the metadata is to be described in free text, people might fill in wrong values such that a manual post-control of the metadata field is necessary.

6.1.4 File Formats

As mentioned above, learning objects that are provided in an editable format (the source code) are highly valuable for persons who are teachers themselves. Such editable formats may also be valuable for EASE, for example, if they are only available to EASE members, generating a higher interest for EASE in this way. However, we do not force providers to upload their material in a source format as this might prevent too many people to use REASE at all to provide their learning units.

6.1.5 Modularization

The utility of a learning resource also depends on its size. Oversized resources are difficult to use for a potentially interested learner and they are difficult to classify according to the REASE catalogue. For example, if someone uploads a lecture on Semantic Web covering a 6-month-course at university, all topics can be associated with this course. To avoid this problem of too-common learning materials, we require that such material is to be broken into several subunits before it is published in REASE. As a rule of thumb, material that covers more than 12 hours is considered to be too long to constitute a single learning unit in REASE, but this has to be decided on a case-by-case basis within the quality management process as described below. 

6.1.6 Questionnaire

To be able to get feedback from users of learning resources, REASE allows each provider to attach a questionnaire to each learning unit. However, each provider has to individually decide whether her material is associated with a questionnaire or not. We are currently not demanding that they do this as the questionnaire support of REASE is incomplete. However, we might change this in the future to get more feedback from REASE users.

6.2 Non-Technical Requirements

The non-technical requirements are mainly related to the content of each learning resource. We basically have to verify two issues:

· Relation to the Semantic Web

· Quality of the actual content.

The first requirement is necessary to ensure that REASE keeps its focus on Semantic Web topics and the necessary basics to understand the Semantic Web. As an example, we are allowing material around the topics ‘XML’ (as RDF is often expressed in its XML variant), but a general tutorial about `HTML’ or `computer networks’ is out-of-focus.

6.3 Quality Management Procedures

Quality management in REASE is intended to ensure that all published learning units are in accordance with the above listed requirements. We can distinguish between automatically controlled requirements and those that have to be verified manually.

6.3.1 Controlling Requirements Automatically

The fulfilment of the technical requirements is as often as possible ensured automatically. For example, the most important metadata fields describing the learning units are mandatory such that REASE will not accept a new learning unit without these metadata fields being filled in. Furthermore, we implemented an automated conversion of the most popular proprietary formats (Microsoft Office) into the PDF format using the Linbox technology (http://www.linbox.com/converter).

6.3.2 Controlling Requirements Manually

This manual quality management process has to be effective and efficient. Therefore, REASE is required to support this process, which is already partly available. Each time an author publishes a new learning unit / updates an existing one, the administrator of REASE has to approve the changes. In this manner, we can avoid the publication of low-quality material, which is not related to REASE at all. This is a sustainable approach regarding the number of learning units and the expected low frequency of updates (which is different from other large-scale approaches, such as wikipedia, as REASE is only about a limited topic).

To ensure that the quality of the content of all Semantic-Web related learning units is high, we envision the following process:

1. The REASE administrator (currently Jörg Diederich, L3S) verifies the remaining technical requirements (those that cannot be validated automatically, or only  with difficulty).

2. He also assesses the content of each learning unit to filter out the non-borderline cases. These include, on the one hand, learning units from KnowledgeWeb partners or cooperating NoEs, which have a very high probability of being excellent and can thus be assumed to match the content requirements. On the other hand, the administrator can also easily filter out ‘spammers’, who try to use the platform for exchanging material completely unrelated to Semantic Web topics.

3. For borderline cases, we have installed an editorial board that will review the remaining units for their suitability to REASE in accordance with the quality guidelines. The current members of the editorial board are:

· Holger Wache, VU (knowledge representation and reasoning: ontologies, representation languages, reasoning techniques)

· Diana Maynard, USFD (human language technology)

· York Sure, UKARL (ontology engineering, ontology management, semantic web infrastructure)

· Lyndon Nixon, FUBerlin (materials for business professionals, multimedia, Semantic Web services)

· Sylvain Dehors, INRIA (basic web information technology, ontologies for the Semantic Web, Resource Description Framework (RDF) / RDFSchema, e-learning)

· Enrico Franconi, FUB (logics, Semantic Web languages)

· Martin Dzbor, OU (interoperability & integration, dynamics, tools, architecture of information systems, personalization techniques, Semantic Web infrastructure/architecture, security/privacy/trust, information management)

· John Breslin, NUIG (Semantic Web infrastructure, social networks in the Semantic Web)

· Yiannis Kompatsiaris, CERTH (multimedia ontologies, semantic analysis and reasoning of multimedia content, multimedia and Semantic Web)

· Mustafa Yarrar, VUB (knowledge engineering / ontology engineering, knowledge representation and reasoning, ontologies for the Semantic Web, Semantic Web special topics)

Finally, some learning units are expected to be highlighted using some kind of ‘KnowledgeWeb certificate’, which can either be requested by other members of KnowledgeWeb (for example, if they have successfully used the learning unit for their own courses) or by other REASE users, who can express their opinion of the learning unit using the REASE feedback mechanism and rating scheme. This feedback mechanism is currently, however, non-public and might be extended to become public.

Depending on the different communities represented in KnowledgeWeb (Description Logics, Ontology Engineering,…), we also envision recommendations for reading, which might be different depending on the community. These recommendations might be generated automatically / semi-automatically, depending on the advanced semantic platform for learning (ASPL), which will be developed in WP3.3. In autumn 2007, the Semantic Web Education and Outreach working group (SWEO) of W3C has started to work towards a set of ‘SWEO recommended’ Semantic Web tutorials, which are planned to be published using REASE. 
7  Usage of Learning Resources

In this section, we report about the usage of REASE and the provided resources. The presented numbers are gathered from log files of the underlying web server and from the bookings and access information of the database, on which REASE is based.

7.1 General Usage of the REASE Web Pages

The usage of the REASE web pages since it went online in July 2004 is shown in the following Figure 3 (the statistics were taken on Nov-1 2007 from the web server log file excluding accesses from popular web robots and accesses from within the hosting domain of REASE):
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Figure 3: Accesses to the REASE web server

The first public announcement of REASE was issued in October 2004, leading to an initial increase in the access statistics, because a first set of learning resources became available in November 2004. Whereas the number of accesses remained stable in the first half of 2005, it increased again in summer 2005, mainly because of the summer school activities of KnowledgeWeb and REWERSE. Especially, the teachers of the REWERSE summer school were required to upload their material before the summer school starts so that the students could access them from REASE directly. Finally, the usage of the REASE web pages increased again starting from October 2005. As an example, the REASE web pages were visited about 500 times from about 380 unique visitors in November 2005, downloading an approximate amount of 200 MB of data. Even though especially the increase in the number of non-unique visitors was partly caused by the evaluation activities in work package 3.3 (REASE is one service connected to ASPL-1,  which was evaluated in November 2005 at USFD, OU, and Universitatea "Al. I. Cuza" Romania as reported in D3.3.5), the main increase could not be associated with a single or few events. After the addition of several learning resources in the end of 2005, the general usage of REASE increased significantly at the beginning of 2006 with the usual decrease in the summer. The peak in November 2006 is again partly caused by the evaluation of the platform. 
In 2007, we had to use a different log analyzing tool (webalizer) because of several security flaws in the old analyzer and an insufficient support for filtering search engine traffic and web spammers. We have shown the results of both analysis tools for 2006 simultaneously for comparison reasons. As a result, ‘(unique) visits’ are still increasing overall and have exceeded the 1000 visits per month since summer 2007, which is also true for the ‘sites’ measure, which means that REASE users are currently spread over different institutions. Furthermore, the consumed bandwidth has increased significantly because of REASE users accessing the video recordings from the KnowledgeWeb summer schools. Unfortunately, the new web log analyzing tool does only provide the notion of ‘unique’ visits (the light blue curve) and does not allow judging repeated visits anymore. However, a manual analysis for the evaluation of REASE in the journal paper (see appendix) has shown that users return on average about 2 times (measured for both visitors from web sessions as well as log-ins from registered users).

More details are discussed in the following sections about registered users and institutions and the actual access patterns of the learning material.

7.2 Registrations on REASE

To access most of the material on REASE, users have to register first and specify (very few) information about their hosting institution (i.e., university or company and their country). The following Figure 4 depicts the number of registered users / institutions on REASE.
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Figure 4: Registered users and institutions
The first public announcement of REASE in October / November 2004 led to the registration of users and institutions from KnowledgeWeb mainly. The second peak in June 2005 is mainly caused by the fact that REASE was used to distribute the learning material for the REWERSE summer school as mentioned above. The increase in November 2005, however, is not dominated by KnowledgeWeb or REWERSE activities, only 2 from the 12 additionally registered institutions were actually directly related to one of these NoEs. In 2006, the increase in the number of registered institutions continued with a slight increase in the rate of change. The number of registered users also increased and doubled compared with the end of 2005. However, about 50 additionally registered users are due to the user study in November 2006. In 2007, the increase in registered users and institutions continued further, again with a slightly increased rated of change as compared to 2006. 
7.3 Access to REASE Resources

REASE resources were accessed as shown in the following Figure 5:
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Figure 5: Access to REASE resources
The peaks in October and November 2004 were caused by a few users who accessed quite a large set of learning units, obviously playing around with the platform. This included people from KnowledgeWeb or REWERSE, but also one person from outside both NoEs. The peak in July 2005 could be because of the KnowledgeWeb and REWERSE summer schools, which took place at that time. The peak in November 2005 is partly (about 40 from the 85 accesses) caused by the evaluation activity of WP3.3. However, 39 accesses were from users all over the world (Malaysia, Germany, USA, France, Brazil, Canada, and Greece), who were definitely not involved in KnowledgeWeb or REWERSE! Accesses continued on a much higher base level in 2006 with the usual ‘summer break’ in June-August. As in 2005, the peak in November is partly a result of the user study. In 2007, again the overall number of accesses to REASE has increased with the (again) usual decrease in accesses during the summer. 
7.4 Most Popular Resources on REASE

Based on the access pattern by REASE users, the following learning units are the 10 most popular ones on REASE (as of October 1st 2007):

1. Semantic Web Tutorial  (UKARL)

2. Semantic Web Lecture – Logics (L3S)

3. Ontological Engineering (UPM)

4. OWL – Web Ontology Language (TU Wien)

5. Fundamental Research Challenges generated by the Semantic Web (VU)

6. Semantic Web Lecture – Basic Building Blocks (L3S)
7. Semantic Web Lecture - Introduction and Overview (L3S)
8. Semantic Web Use Cases (FUBerlin)

9. A short tutorial on the Semantic Web (UKARL)

10. Ontology Engineering Best Practices – Building and applying the SWRC ontology (UKARL)

Resources 1 and 8.-10. on this list are also suited for industrial audiences. 
While analyzing why the “Semantic Web Tutorial” became most popular we noted the following:

· It is the only English material on REASE providing an introduction to Semantic Web for people from industry

· It is on rank 6 on Google for the search ‘Semantic Web Tutorial industry’ (probably because the KnowledgeWeb portal is on rank 5 for the Google query ‘Semantic Web industry’). [both ranks validated on 2005-12-19]. In October 2007, it was still on rank 12 on Google. 
Of course, becoming the most popular resource is only possible because the absolute number of bookings in REASE is still not very high (about 70 overall for the most popular resource).

8 Sustainability

Overall, we have undertaken several measures to ensure the sustainability of the work related to REASE:
· Foundation of EASE which will host REASE starting from 2008

· Publication of the topic hierarchy in the ontoworld wiki, allowing anyone being interested in the development of the topic hierarchy to participate; also publication of the history of the topic hierarchy in the ontoworld wiki for a better understanding of the design decisions made during the development process. 
· Publication of high-quality learning resources (such as the summer school videos) to attract users to REASE

· Connection of the different components created in KnowledgeWeb, such as between REASE and the topic hierarchy pages in ontoworld or between REASE and the ASPL-2 demonstrator.

As an incentive for author to continue publishing resources on REASE, all resources on REASE were assigned a Digitial Object Identifier (DOI) in 2007 so that they can also be counted as ‘educational publication’ in the same way as ‘scientific publications’ from journals or conferences. 

Finally, the SWEO working group at W3C is currently considering using REASE for publishing a list of recommended Semantic Web tutorials in the spirit of a ‘W3C’ certificate.
9 Summary and Future Work

In summary, the following main contributions were made regarding the activities related to REASE in 2007:

· A new version 2 of the classification system in the REASE catalogue.
· 119 learning units from KnowledgeWeb partners available on REASE.

· Increase of the percentage of KnowledgeWeb learning units for industrial education from 30% to 44%. 

· A refined evaluation of REASE based on a questionnaire sent to all REASE users, a classroom-style user study with different user groups, and a transaction log analysis.
· An evaluation of the usage of REASE which shows a promising increase in usage during 2007.

The discussion about the REASE catalogue took place between KnowledgeWeb and REWERSE partners and finally merged into a global discussion of a Semantic Web Topic Hierarchy, as described on the ontoworld wiki. It was also used for organizing Semantic Web conferences like the ESWC (session organization) and for the creation of the KnowledgeWeb Technology Roadmap. Both the topic hierarchy as well as the REASE catalogue is expected to be subject of a further evolution since the research area ‘Semantic Web’ will also evolve over time. 

Future work regarding REASE comprises the following issues:

· Continue publishing learning units, again focused on material for industrial education, but also trying to fill those categories in the topic hierarchy, which are not covered yet by existing material. It should be noted, however, that the topic hierarchy is for general purpose usage and that for some of its categories, while important, for example, for the organization of sessions in a research conference, no educational material may be available at all.
· Continue to publicize REASE and recruit new users

· Continuous monitoring of the quality management process and application to new resources.
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11 Appendix

The following paper is a pre-print of a journal paper accepted for publication in the journal “The New Review of Hypermedia and Multimedia”. It is an extended version of the evaluation section of the previous version of this deliverable. 
�	 � HYPERLINK "http://rease.semanticweb.org/"��http://rease.semanticweb.org�  


�	 � HYPERLINK "http://ontoworld.org/wiki/Semantic_Web_Topic_Hierarchy" ��http://ontoworld.org/wiki/Semantic_Web_Topic_Hierarchy� 


�	 http://www.linbox.com/en/converter
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