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Abstract—In this paper we present a semantic web frame-
work that can be used to generate web-based, e-learning and
e-assessment environments for any given knowledge do-
main. We accomplish this by generating “learning ontolo-
gies” for a given knowledge domain. The generated learning
ontologies are built upon our previous work on domain
“Glossary” ontology and augmented with additional concep-
tual relations from the WordNet 3.0 lexical database, using
Text2Onto, an open source ontology extraction tool. The
main novelty of this work is in “on the fly” generation of e-
assessments based on the underlying ontology and pre-
defined question templates that are founded on the Bloom’s
taxonomy of educational objectives. The main deployment
scenario for the framework is a web-service providing col-
laborative e-learning and knowledge management capabili-
ties to various learning communities.

Index Terms—collaborative e-learning, e-assessment, learn-
ing ontologies, web services

1. INTRODUCTION

One of the main priorities in the UK Government e-
learning strategy [1] is to provide students with personal-
ized on-line learning space and content that includes e-
assessment. The creation and maintenance of the e-
learning content can be helped by the use of Web 2.0
tools [2] that leverage on “collective intelligence” as a
means of knowledge construction and management.
Those tools are not only promoting the collaborative
model of learning [3, 4] but also enabling “rapid e-
learning design and development”, which is, according to
the E-learning Guild Survey [5] the most important future
activity in the e-learning domain.

While the research in e-learning has been mainly fo-
cused on description [6] and standardization [7] of re-
usable e-learning resources very little research has been
done in the area of “rapid e-learning design and develop-
ment” and in particular, automated e-assessment genera-
tion.

E-assessment in a form of “objective tests”, such as
MCQs, has been extensively studied and evaluated [8].
While it is generally recognized that the “objective tests”
need to be complemented by other assessment strategies
in order to assess higher cognitive domains, they nonethe-
less can provide a “seed” for further assessment en-
hancements as well as a trigger for continuous learning
conversation [4]. Furthermore, they can assist in directly
addressing the most important students’ needs such as,
prompt and frequent feedback, as expressed in the UK
National Students Survey [9].

However, creating a useful objective test is not only
difficult but also very time-consuming, which prevents its
more wide-spread adoption and use [10].

The purpose of this paper is to present a framework for
dynamic and rapid creation of e-learning content includ-
ing assessment, that will provide personalized/or collabo-
rative e-learning and knowledge management capabilities
to a learner/or learning community respectively.

The framework is based on Semantic Web ideas [11]
and centred on a concept of a “learning ontology”, which
we define to be any domain ontology augmented with the
domain assessment corpus. Furthermore, the framework
includes e-learning services that support continuous proc-
ess of knowledge construction (Figure 1) as for example
defined in Kolb’s “learning cycle” [12]:

e Creation of a learning ontology (including e-
assessment) based on a given text corpus (“active
conceptualization™);

e Visual and textual exploration of the generated
knowledge domain (“active experimentation”) ;

o Self-assessment (“concrete experience”) ;

e Analysis of assessment results and further extensions
of the domain ontology (“reflective observation”).

In addition to the above, a user's learning behavior can
be quantified and fed back into the system for further
enhancement of the knowledge domain model and per-
sonalization of learning tasks [13].

Related work in the area of ontologies and semantic
web tools for learning and teaching has mainly been
focused on development of domain ontologies [14], de-
velopment of ontologies of learning resources [6,15],
personalization techniques [13], and adaptation of re-
usable e-learning activities in the context of “educational
semantic web” [13].

Extend . '

Learning
Ontology

¢

Test yvour Explore
domain Learning

knowledge ‘ - Ontology

Figure 1. E-learning cycle

Text

- e( corpus
Cr e

Learning
Ontology

|

http://www.i-jet.org


http://dx.doi.org/10.3991/ijet.v4i3.823�

A SEMANTIC WEB FRAMEWORK FOR GENERATING COLLABORATIVE E-LEARNING ENVIRONMENTS

Our work differs from each of the above mentioned in
that it is based on dynamic generation of reusable learning
ontology (including e-assessment) for a given knowledge
domain. In addition to that, we provide an application
built on top of the ontology that can be used as a cogni-
tive support tool.

Regarding the research in the e-assessment area, there
are very few publication on automated MCQ generation
and they are mainly based on parsing and natural lan-
guage processing (NLP) techniques for generating ques-
tions directly from the text corpus [16] with the exception
of [17] that in addition to NLP techniques uses ontology-
based strategies for generating question “distractors”.

The approach described in this paper differs from the
latter one in that it uses not only the meta-ontology con-
cepts (classes/concepts, relationships/properties and in-
stances/individual), but also pre-defined question tem-
plates to generate e-assessment of the underlying domain
ontology.

In the subsequent sections we describe the main usage
scenarios of the framework as well as its application
architecture.

II.  USAGE SCENARIOS

The uses of this framework and the entailing e-learning
environments can be divided in two categories, namely —
personalized e-learning and e-learning communities.

A. Personalized e-learning

The framework is designed to provide individual
learners (e.g. students) with personalized online learning
space that includes e-assessment capabilities.

In particular, learners using the tool (Figure 2) can “se-
lect a domain” (e.g. business studies), “extract a domain”
(e.g. generate business learning ontology from a given
text corpus), “search a domain” (i.e. perform a textual
search of concepts defined in the ontology), visually
explore a domain (e.g. through “neighborhood” graphs
[18]), and assess their knowledge of a domain at any
point in time (“test yourself”).

Personalized learning can further be supported by
“computer adaptive testing” [19] where each new e-
assessment is generated according to the increasing levels
of educational competencies [20] and targets are set ac-
cording to the individual learning patterns and discovery
of areas of “troublesome knowledge” [21]. This is made
possible by maintaining click graphs, repetitive sub-
domain exploration patterns and assessment metrics.

B.  Learning communities

The framework can be used for rapid generation of e-
learning environment for a specific subject area, by al-
lowing registered users (“learning community”) to add to
or modify the content of the underlying learning ontol-
ogy. This is achieved by using the same capabilities pro-
vided for individual learners (Figure 2) augmented with
the standard infrastructure for multiple user access (i.e.
concurrency control, revision control, user management
etc) and Web 2.0 features for collaboration and sharing
e.g. discussion pages, content tagging, RSS etc.

The framework is equally applicable to educational
context as it is to the context of organizational learning,
where it can be used as a tool for capturing, maintaining
and disseminating organizational knowledge.
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Figure 2. On-line learning environment

III.  APPLICATION ARCHITECTURE

The core of the application architecture (Figure 3) is
the domain ontology augmented with the IMS-based [22]
repository of generated assessment. The overall applica-
tion architecture consists of seven modules, five of which
are new (modules “addGlossary”, “genTest”, “manage”,
“extend” and “test” in Figure 3), while the other two
(modules “create” and “explore” in Figure 3) are cur-
rently using open source implementations [23, 28]. In the
subsequent sections, we provide implementation details
of the most important modules.

A. Ontology Extraction (“create” module)

The ontology extraction mechanism is a plug-in mod-
ule, where in future, we could choose between different
providers. Current prototype uses Text2Onto [23], an
open source framework for ontology extraction.

The underlying semantic lexicon for aiding Text2Onto
ontology extraction is WordeNet 3.0 [24]. WordNet pro-
vides short, general definitions of the terms, groups them
into sets of synonyms called “synsets”, and records vari-
ous semantic relations between the synonym sets such as
hypernyms, hyponyms, holonyms, meronyms, tro-
ponyms, entailment, coordinate terms, root adjectives,
similar-to, related-nouns, participle of verb etc [24].

B.  Ontology Population (“addGlossary” module)

Utilizing the “Glossary” ontology introduced in [25]
we model a knowledge domain by augmenting the ex-
tracted domain ontology with concept definitions pro-
vided by WordNet Java API [26] (or any other “Glos-
sary” provider e.g. Wikipedia [27]). The necessary “dis-
ambiguation” process, i.e. selecting the context of a spe-
cific concept is assisted by user’s (manual) interventions
(similarly to Wikipedia’s disambiguation). New meta-
ontology is shown in Figure 4.
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Figure 4. Meta-ontology

C. E-assessment Generation (“genTest” module)

The assessment is generated based on the user prefer-
ences and question templates provided by the framework
that are populated randomly from the domain and saved
in the assessment repository for further use.

The framework is using IMS XML-based standard for
MCQ format specification [22] and it has been designed
to include question templates built upon and correspond-
ing to different levels in Bloom's Taxonomy [20]. Exam-
ples of templates testing knowledge, comprehension and
application levels of the Bloom taxonomy are shown
below, where t, t; and t; stand for any arbitrary term
(concept) from the underlying domain ontology.

e Which one of the following definitions best describes
<t>?

e Which one of the response pairs is the best match for
the relationship between <t;> and <t;>?

e Which one of the following relations best describes
the relation between < t;> and < t>?

e Which one of the following is an example of <t>?

e Which one of the following terms is the best re-
placement for <t> in the paragraph below?

Similarly to the approach described in [17], to generate
“distractors” for the multiple choice questions we use
heuristics based on the proximity and relationship be-
tween concepts in the underlying ontology graph.

Related to the “testGen” module is the “test” module,
that provides standard e-assessment service. A user can
interactively attempt any test saved in the repository and
get the feedback on the results. The results of the assess-
ment are saved for further analysis and can be used for
setting the next level of assessment difficulty [19].

This feature has been designed to be flexible enough to
allow future additions and enhancements of the question
templates.

D. Domain Visualization(“explore” module)

While designing the framework we have kept in mind
the importance of knowledge visualization in educational
domain. Therefore, we also provide rendering of a
knowledge domain in the form of a interactive and
searchable graphical interface. Current prototype uses
ShriMP [28] for rendering graphical views of the domain
ontology and extends the search mechanism in the
graphical interface to let the learner search for concepts
and their relations along with definitions in the domain
models.

E.  Domain and User Management (“manage” module)

This module lets the users of the framework to add,
remove or update knowledge domains. For example,
instead of extracting the ontology from the text corpus,
user can directly import domain ontology in either RDF
or OWL format. The module implements a simple
ontology editor interface that allows a user to change the
existing domain ontology (module “extend” in Figure 3).

The module also provides standard user management
capabilities for the multiple-user environment (user
registration, sign in, profile etc).

IV. CONCLUSIONS

In this paper we have introduced a framework for rapid
generation of e-learning environments based on
semantically modeled [11] arbitrary knowledge domains.
We have described the main usage scenarios of the
framework as well as the application architecture.

The chief significance of this framework lies in its
readiness in helping e- learners to conceptualize, explore,
experiment with, and extend selected knowledge do-
mains, individually or as a community of learners.

The main novelty of this work is in “on the fly” gen-
eration of e-assessments based on the underlying domain
ontology and pre-defined question templates that are
founded on the Bloom’s taxonomy of educational objec-
tives [20].

While it can be argued that a mental abstraction of a
knowledge domain forms a significant part of the cogni-
tive process, automatically generated knowledge domain
models, such as ontologies, can aid the learning journey
by providing a “seed” for “active conceptualization” [12]
as well as a “trigger” for “learning conversations” [4].
This, together with the use of “collective intelligence”
can further increase the quality and speed-up the forma-
tion of conceptual maps of the knowledge domain and the
supporting e-learning resources, such as e-assessments.

In our future work we will concentrate on extending
the prototype of the framework to a fully functional pub-
lic web-service, as well as on its academic and organiza-
tional usage and evaluation. Future enhancements will
include extensions of the assessment generator module
(“genTest” in Figure 3) and ontology editing module
(“extend” in Figure 3) to include more question tem-
plates, and collaborative “wiki”-based ontology editing
features [29, 30] respectively.

Finally, according to the recent Google Squared Demo
at Searchology 09 [31] one of the hardest computing
problems today is “looking at the unstructured web and
abstracting values and facts and information in a mean-
ingful way in order to present it to users, building out
some of these ... in an automated way.” The main contri-
bution of this work is in bringing together different Se-
mantic Web technologies as well as adding new ones
(e.g. e-assessment generator) in an attempt to start ad-
dressing the problem of automated generation of e-
learning content from the existing web corpus.
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