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Abstract: In this paper we present the QBLS system, a www-based intelligent learning system
that completely relies on semantic web standards and technologies. It reuses a large coherent set
of learning resources taken from the web and has been experienced as an online support system
for lab sessions of Java programming at the Computer Science department of the EPU
engineering school of Sophia Antipolis. In this work, we highlight an implementation of
semantic web design principles where organization and retrieval of learning resources rely upon
ontologies describing the learned domain, the pedagogical strategy, and user profiles. Resource
collection is based on the reuse of pedagogical materials going through a semi-automatic
annotation process. We describe here our ontological choices as well as the method followed to
annotate. Finally we recount the deployment of the system, coupled with a wiki, offering web-
based course support.

1 Introduction

The semantic web (Berners Lee et al. 2001) aims at exchanging information that can be understood both by
humans and machines. Standard formalisms like RDF (RDF 2006) and OWL (OWL 2006) are proposed as a
basis for exchanging not only data, but knowledge. The field of “computerized” or “intelligent” learning
systems is often described as very promising for the application of the Semantic Web (Devedzic 2004). In
systems targeting the management of content (LCMS) or direct tutoring (LMS) the representation of
knowledge in somehow formal ways, has been practiced for a long time. A now well spread vision in the e-
learning community is to automate reusing existing resources coming from different sources (Duval et al.
2001). Resources must be previously described, possibly using semantic web formalisms (Nejdl et al. 2002).
Despite its appeal, this approach falls into classical interoperability problems faced in previous research on
Learning Objects. Experience proved that interoperability of Learning Objects at a fine level raises lots of
unsolved issues (Willey 2003). However the Semantic Web has still much to offer to learning practitioners: it
provides expressiveness and inference mechanisms to reproduce many existing results achieved in closed
tutoring systems, and it allows combining them into a single or distributed web based application. One of the
direct gains obtained from this technology lies in the reuse of existing generic tools and models.
Demonstrating this principle we have developed the QBLS system, a www-based intelligent learning system
that completely relies on semantic web standards and technologies. QBLS stands for Question-Based
Learning System, its objective is to give access to on-line resources while performing assignments (or
answering questions). With the presentation of this pedagogical tool, we propose a framework and a
methodology to effectively reuse a large coherent set of learning resources taken from the web. Our
contribution is not theoretical but rather deeply rooted and motivated by higher education teachers’ needs and
the overall approach has been experienced as a www-based course support system for lab sessions of Java
programming at the Computer Science department of the EPU engineering school of Sophia Antipolis.

We present first an overview of the system, highlighting its Semantic Web design principles. In this system,
organization and retrieval of learning resources rely upon ontologies describing the domain to learn, the
pedagogical strategy, and user profiles. The resource collection process relies on the reuse of pedagogical
materials through semi-automatic annotation of the original content. Finally we recount its deployment
coupled with a wiki server as a www-based course support system and present significant figures about the
impact of the system.



2 Overview of QBLS

2.1  An Ontology-based Design

The semantic web approach, applied to the design of a learning system, targets the reuse of conceptual models
(more specifically ontologies) to guide learning resources retrieval, to organise them and to provide user
adaptation involving ontological reasoning (Stojanovic et al. 2001). We look here at how this can be achieved
in realistic situations. Classical “knowledge models” used in adaptive and intelligent learning systems
(Brusilovksy 2003) are defined as sets of “concepts that form a knowledge space” in other terms they are
ontologies as “conceptual representation of a domain” (Gruber 1995). The graph representations, often used in
the literature on learning systems, find a handy expression in RDF and the needs, in term of expressivity, for
describing such models are largely covered by languages of the OWL family. To present and justify our
ontological choices we follow a standard distinction in e-learning, where two complementary aspects are
modelled: the domain and the pedagogy (Mizogushi & Bourdeau 2000).

Domain model: When tackling real world usage, it appears that the cost of authoring detailed domain
ontologies in OWL is tremendous. Moreover this is outside the competency of a regular teaching staff. In
most prominent examples of applications (Brusilovsky 2003), “knowledge models” are networks of concepts
connected by binary relations, possessing a loosely defined hierarchical semantic. Thus the intermediate
representation, Simple Knowledge Organisation System (SKOS 2005) proposed by W3C, can perfectly
express such a model. It defines the relationships “broader” and “related” between concepts, and “subject”
and “primarySubject” to link resources with concepts. The model also proposes some inferences, like
transitivity along “broader” links. More complex representations seem too rich and hard to understand for a
teacher (considered a non-expert in knowledge modelling). Fig. 1 shows how resources about Java
programming are described by domain concepts expressed using SKOS.
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Fig. 1 — Resources annotated by domain concepts using SKOS

Pedagogical model: The major goal of learning systems is to support a given pedagogical strategy. In this
scope pedagogical ontologies can be associated with reasoning mechanisms and rules to enforce a given
strategy. Often this strategy consists in selecting or computing a specific path among the resources. Thus,
formal semantics are required here to enable such computation. For example

Fig. 2 shows how resources (representing XHTML files) instanciate OWL classes in our experiment.
Pedagogical rules are also part of this model, but they are still to be standardised for the semantic web.

By the light of the experiment we consider that defining a formal pedagogical ontology is worth the effort as
opposed to defining one for the domain. In fact the chances of reusing this ontology are higher. Pedagogical
ontologies are often based on a broad learning theory (like bloom’s taxonomy) which increases their
generality. Moreover the number of concepts dealt with is rather small. For example the pedagogical ontology
proposed by (Ullrich 2004) possesses 26 concepts, like “Definition”, “Example”, etc. ,whereas in a small
vocabulary for introducing the Java domain, we had to define 171 concepts. Other experiments on Java rely
on domain ontologies that define up to 630 concepts. To be used for resource selection, path planning, etc.
“pedagogical” rules must be introduced (e.g. “a definition must be presented before an example”). These rules
are not domain related and their number is kept to a minimum to limit teacher’s overload. Those pedagogical
aspects are often static in classical system, because interactions supporting the pedagogy have to be hard



coded in some way. Using ontologies offers a little more freedom, and customisation possibilities. Moreover
it revealed a big gain for deployment time, as the formalisms and tools already existed.

The design of QBLS is based on these principles. Learning resources (slides) are semantically annotated using
RDF statements that link resources to domain and pedagogical concepts.
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Fig. 2 —Instantiation of pedagogical concepts by resources

Pedagogical ontology

Resources can be retrieved based on the domain ontology: they are linked to domain concepts through subject
relationships as explained above and a semantic search engine, Corese (Corby et al. 2000), retrieves all the
resources for a given concept (and its “subconcepts” by transitivity of the “broader” link). Resources are also
annotated with respect to the pedagogical ontology: they are typed according to pedagogical concepts
(“Definition”, “Law”, “Fact”, “Example”, etc.). When resources are retrieved from the resource base, they are
“ranked” according to these types, e.g. definitions have priority upon laws, laws upon facts, facts upon
examples, etc.

Among the systems that could potentially follow this semantic web “pattern”, adaptive systems would need an
additional model and data which is the user model and user history. Dynamic adaptation is often performed
based on overlay models (De Bra et al. 2002). The RDF model perfectly supports this, through semantic
annotation of the knowledge space with specific user modelling relationships. In QBLS, adaptation is based
on such a user overlay model, keeping track of the user activity stored in RDF statements.

2.2  Semi-Automatic Annotation of Learning Resources

Defining the knowledge model is only one part in the deployment of a learning system. Identifying the
corresponding knowledge in the resources is, in itself, a major research issue as manual annotation reveals to
be a highly time consuming task. When addressing large realistic amounts of resources as we did (see section
3.), solutions must be found to ease the process. We have observed that generic annotation tools, like
(Annotea 2006) are too rich and complex to really help. Instead, we propose an annotation process based on
the exploitation of the layout features of the resource contents (words in bold, italics, titles, etc.). Here are
several arguments motivating this choice:
O Part of the work is already done, in an informal way, in the resources layout. With resources of good
quality, styles have semantics that are enforced throughout the content. This allows for direct automatic
extraction of a noticeable part of the knowledge.
O Editors like OpenOffice Writer (or Microsoft Word) provide interesting features like styles hierarchies to
enforce standardisation all along one or several documents. They are easy to handle, as teachers are used to
manipulate them, and they offer the possibility to fully modify the content, something that no small tool can
perform.
O In a learning scenario, semantic mismatch between the presentation and the content are unacceptable.
They would disturb learners and remove any pedagogical benefit brought by the system. Thus when
applying automatic annotation techniques, a validation phase must be performed to ensure that no errors
have been introduced. Visual validation of automatic annotations is much more comfortable and easy to
realise in this case.



U Finally, studies (Brusilovsky 2003) proved that form-based annotation (annotating by filling forms) was

not acceptable on large corpora. Whereas mark-up based seems to be more scalable. The technique we

adopted is in fact a mark-up based one, but it mainly relies on a classical widely available editor.
We applied this method to annotate with OpenOffice Writer['] a Java course available on the web. The course
was originally in Microsoft Power Point (.ppt) format and had to undergo a little pre-processing. The material
was automatically enriched by matching the terms of both a domain ontology and a pedagogical ontology, and
setting corresponding text and paragraph styles. Titles were automatically extracted based on their paragraph
style. Terms expressing concepts were identified based on the domain ontology. The annotation process
consists in assigning a paragraph style to each resource - indicating a pedagogical type - and a text style to
each word in the resource content identifying a domain concept this resource is related to. The domain
ontology was reused from the web and enriched for missed terms throughout the annotation process. The
pedagogical ontology was reused without modification (Ullrich, 2004).
O
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Fig. 3 — Annotation of learning resources with OpenOffice Writer and its style hierarchy

Fig. 3 presents a screenshot of the OpenOffice Writer window where three resources are displayed, separated
by horizontal lines. The second resource from the top is currently being annotated by selecting the style
“Definition”, and applying it to the title “Methods and parameters”. The text has already been automatically
annotated by setting special styles on the words “methods” and “parameter” which correspond to concepts of
the domain ontology. The word “object” has been manually annotated by selecting a special text style
indicating a reference to a different concept that is not the primary subject of this resource. As a result, the
“annotations” in their graphical form state: this resource is a definition for both the domain concepts
“method” and “parameter” and it is related to the domain concept “object”.

Once annotated, the OpenOffice file is processed through different XSL transformations that produce on one
hand, a set of XHTML resources contributing to the pool of resources, and on the other hand RDF statements
that contain the extracted annotations. In section 3 we present how this information is exploited in practice.

2.3 Architecture

Integrating available semantic web tools within the application drastically reduces the effort to develop such
an e-learning system. For instance QBLS has been designed around the semantic search engine Corese (Corby
et al. 2004) relieving the authors of any development effort dealing with the knowledge manipulation aspects.
This is coupled with W3C XML-based transformations (XSL, XML) that naturally handle the generation of
static or adaptive HTML interfaces. The flexibility of this approach enabled us to replicate and adapt the
original code (JSP/XSLT technology) in a fast and efficient manner to deploy now four different applications
of this system.

[1] http://www.openoffice.org



One of the long run objectives of the semantic web is semantic interoperability between systems. We believe
the QBLS system is one good example of it. As it uses standard formalisms, and respects the semantics of the
standard models (SKOS, OWL, RDF), it can be coupled with other semantic web applications. Technical
interoperability is supported by standard web technology, while semantic communications use shared
ontologies and annotations relying on semantic web formalisms.

The pedagogical value of the association with other tools is to provide different learning activities. For
example it can be coupled with an on-line interactive exercise tool to help students accessing the content of
the course while doing adaptive assignment. Other systems can also integrate the URL of QBLS directly in
their internal mechanisms. For example for the Advanced Semantic Platform for Learning developed in the
context of the Knowledge Web NoE., the domain ontology is shared between the different tools, including
Magpie (Dzbor et al. 2005). Learners browse HTML content and access the QBLS service for spotted domain
concepts. For each term highlighted in the Magpie semantic browser, a contextual menu proposes a range of
available services. Selecting the QBLS service entry opens a second window where resources associated to
the highlighted term can be browsed.

3 Deployment of QBLS at the EPU Engineering School

3.1 Educational Setting

QBLS has been used as a www-based course-support system in two different experiments at the engineering
school of Sophia Antipolis to support lab sessions. We first experienced it during “lab sessions” supported by
QBLS, those were 2 hours assignment sessions on signal analysis (Dehors et al. 2005). It is now supporting
lab sessions of introductory teaching of the Java programming language for a semester long. This teaching
consists of bi to tri-weekly lab sessions (of 2 hours) during 14 weeks. The course involves 84 students in first
year of engineering curriculum. Labs use the BlueJ programming environment and are collaboratively written
by teachers using a wiki. During the writing process, teachers collaboratively add links towards QBLS using a
macro. The syntax of the macro in the wiki page is presented below. Such a syntax simplifies the task of
adding links, an activity that can be described as annotating the assignment content with domain concepts.
The first argument identifies the URI of the concept and the second indicates the string that appears in the
wiki page and materialises the link:

[[Access(prog:Method, “see Method")]]

The course content was entirely reused from slides publicly available on the Blue] web site. This course
contains a total of 443 slides constituting the pool of resources. Our experience is thus an example of a real
attempt at reusing external resources from the web. Fig. 4 shows the QBLS interface (the small frame)
displaying five resources (two definitions and three examples) found about the concept of “method” in Java
with their associated pedagogical type and title.
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Fig. 4 — ScreenShoot of the QBLS interface accessed through a wiki page



Ontologies used in the system also originated from the web. For the domain we only extracted a list of
candidate concepts from an existing experiment (Henze 2005). A specific vocabulary for the domain of Java
was then incrementally built throughout the annotation process. Only 11 types out of 25 available in the
pedagogical ontology have been actually used by the teacher to annotate the resources. The most intensively
used indicate the pedagogical orientation of the content: Definition, Law and Examples. This is a quite natural
result for an introductory course and thus comforts the assessment of this process. Regarding the domain
ontology, 95 concepts out of 171 have been used. Among the 95 concepts around a half of them was not
present initially in the original reused vocabulary. This last result shows the gap existing between the vision of
a given teacher annotating the resources and a domain vocabulary supposedly focusing on the same topic and
reused from the web.

3.2  Experimental Findings

3.2.1 wusage feedback

The activity on the system has been recorded throughout the 4 months of the experiment. Students were
identified by their wiki login. This enabled us to precisely track their activity for analysis. In addition, they
answered a questionnaire for a user centred evaluation.

Usage: Only part of the material has actually been seen by students. But coverage reaches 80%, a first
encouraging result as one of the main problem before was poor usage of the available material. It also shows
the “utilitarian” behaviour we expected from students: they only browse what is relevant for their current
focused problem. Having them going through all the material would imply some kind of restriction in
navigation freedom, which is opposed to the applied pedagogic paradigm. We also recorded that in spite of
not being compulsory, a majority of students have used QBLS and a third of them have accessed more than 10
pedagogical resources. We consider this group as effective users of the system. This figure shows the interest
of the students for that kind of access to knowledge even if classical slides shows and paper handouts are
available. In addition to connexions during lab sessions, we recorded 40% of the activity outside lab hours.
Let us note that some students regretted to be unable to access the system from home when they didn’t have
internet connexion, revealing that this figure could have been even higher, and will certainly increase in a near
future. This emphasises that even when having face to face courses in a regular location, distant on-line
learning, especially from home, is now playing an important role in academic settings.

Evaluation: Globally, students positively evaluated QBLS. In particular most of them declared that they could
perform lab sessions without any paper course support and, for a majority, alone at home. From the
“performance” point of view, we notice no correlation between the use of the system and the ability to
perform well at tests or exams. The cognitive profiles of learners that are helped by the system do not match
the categorisation brought by exam results. We understand this as a quite natural result. The impact of the
system itself is better evaluated through user centred questionnaires and observation.

Focusing on the added value of the semantic web, students very positively rated the fact that they can easily
access the relevant resources of the online course to perform exercises. On the contrary they rather negatively
rated the usefulness of the tab headings indicating the pedagogical type of the resources (e.g. Definition, Law,
Example, etc. see Fig. 4.). At first sight, this could mean that the added value of the pedagogical annotation is
low. But looking at how they used that information we recorded that 50% of the time they didn’t just visit the
resources in order from left to right but made a deliberate choice. What we can conclude, is that annotations
are of prime importance to organise resources according to a pedagogical progression. The display of that
semantic information might not be relevant for everyone but its interpretation by the automated system is
crucial. This also confirms the idea that the complexity of the model must be hidden for the end-user.
Beginners, as we have observed them, cannot exploit the richness of this information at the early stages of
their progression. They only benefit from it through the “intelligent” system that can handle this knowledge.
Some students did not realize that they were using different tools (wiki+QBLS). As a matter of fact the
interfaces were quite similar in appearance. The seamless integration of the tools working over a distant
connection proved efficient. The semantic technologies deployed required some engineering efforts, but
considering the light weight, and customisable application developed (around a thousand lines of code for the
“core” service), this is definitely an big step forward for implementation issues in intelligent learning systems.
Finally, we also experienced that the complexity of the languages must remain hidden from both teachers and
learners.

3.2.2  Annotation Process

Regarding the annotation process, it revealed itself quite efficient taking around 20 hours for the teacher to
fully annotate the content. Let us note that she was quickly autonomous from the knowledge engineer in her
annotation task. She could upload and download the annotated documents online to update the annotations
alone at leisure. As we explained above, the domain model had to be completed in parallel to the annotation



task. We must concede that an interface for editing the domain vocabulary would be appreciated here to help
manipulating this model. Thus the authoring of the domain model is somehow compulsory, but we have
experienced that it can be handled if there is a strong connection between the modelling activity and its results
in the user interface tested by the teacher/annotator. A general outcome is that teachers must understand
rapidly, and “see” the outcome of their annotation activity in order to accept the workload and not entering the
details of the knowledge models.

The use of a standard tool (Open Office) allowed the teacher to feel confident with the tool very quickly. We
did not face any trouble with cross-platform issues, or file formats. Reused material (Power Point) was opened
straight away in the Impress tool, which unfortunately does not use styles as efficiently as Writer. We
developed a generic XSLT style-sheet that performs this transformation without major loss of information.
The extraction of the information from XML and its expression in RDF is quite straight forward and does not
require major engineering to be developed (250 lines of XSLT).

The major drawback of this approach is the necessity to develop a translation from the xml format of the
editor (the same would apply for MS word), to XHTML, the only language accepted by the browser on the
learner side. The embed transformation in the tools is not giving good results. Thus while the graphical power
of those tools strongly argues in favour of their integration in the annotation process, current technological
limitations makes it still difficult. However custom educational authoring tools cannot reasonably reach the
quality of industrial standard editors, while this quality must be present in learning resources. We are
confident that, in a near future, good exports to XHTML will be available, and for the time being we
developed a generic transformation that can be reused.

4 Related Work

Using semantic Web technologies to offer conceptual navigation in a set of learning resources is an idea
favoured in numerous research projects. We retain the following ones as the most relevant and interesting.
The Personal reader (Henze 2005) presents a service architecture relying on RDF and ontologies to exchange
information about learning resources, the domain, and learners. The domain application also concerns Java
courses, the ontology is expressed in RDFS and the system uses Triple for reasoning. Learning resources are
existing web pages (no authoring involved). Main characteristics are that the domain ontology does not
respect the semantics of the RDFS model, reducing the interest of this model for other experiments, and it
does not tackle the problem of generating semantic annotations.

In (Winter & Greer 2005) some “Best practices” for student modelling are proposed using the semantic web.
This contribution understands the problem of generic domain ontologies that do not fit a given course content.
It recommends to use adapted SKOS vocabularies loosely coupled with the ontology to fit each course
specifics. We match this advice on using SKOS, but the link with an existing generic ontology presupposes
the existence of such ontologies. The authors also admit that efforts needed to follow those guidelines made
them limit the number of course they annotated, showing the difficulty to rely on and use large domain
ontologies.

Using classical editors to annotate and generate resources with semantic metadata is a problem the Alocom
(Verbert et al. 2005) project tries to answer by providing plugins for Microsoft products. Resources are
annotated with respect to an ontology that can map to existing standards like SCORM (SCORM 2006). By
complying with the packaging standards, this approach is limited compared to our modelling and is more
targeted toward reutilisation in commercial platforms complying with the standard.

Outside the field of semantic web, most learning systems use tailored courses. They require teachers to
specifically create each document used by the system. Teachers are provided with authoring tools
(Brusilovsky 2003) to create new documents, and most of them end-up generating proprietary formats (De
Bra et al. 2003). However it seems that they could as well use interoperable languages of the semantic web.
This would allow the integration of existing inference engines in those systems, and enhance the portability of
their adaptation algorithms.

5 Conclusion

In this paper we have presented the QBLS system, an e-learning platform giving online access to a pool of
annotated resources through a dynamic web interface. This work demonstrates the interest of semantic web
technology in a practical setting. It answers the cost issue of developing web-adaptive systems by reusing
existing tools. Benefits from this approach are huge while the constraints of using standards are very low. The
expressivity of RDFS or OWL is largely sufficient for learning applications as researchers envision them
today. For the semantic web, work still needs to be done on rules standards as rule-based mechanisms are
essential in many e-learning applications. Our experience of reusing existing ontologies is quite conclusive



concerning the pedagogical ontology, presenting quite abstract concepts. However it also outlines the
difficulty (yet unsolved) of finding an acceptable match between different visions of a domain.

The proposed process of reusing existing material also proved to be efficient and brings a real answer to the
tremendous effort usually required to author a fairly large amount of resources for a given system. Here not
only the resources are reused, but they are also made available for everyone on the web, along with their
annotations and associated models, all expressed in standard semantic web formalisms. However in our
opinion this interoperability is more targeted towards bringing together different tools around the same
educational setting rather than for exchanging and reusing learning objects across the web, which still poses
many unsolved problems. In the future we plan to add more adaptation features to the system and start
tackling this difficult problem of mixing resources from different sources. The problem of reducing further the
burden of the annotation process will also need to be addressed. We propose to take advantage of even more
existing information in the resources to achieve this “semantisation” of the content.
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