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ABSTRACT
Nowadays there is an abundance of up-to-date overspecialized medical educational content created by
medical and health related academic institutions and available in digital form on the internet. Such
educational content includes learning objects of conventional types, content unique in medical education
and a variety of alternative educational content types, either reflecting active learning techniques and tacit
knowledge building experiences and/or stemming from newly introduced web 2.0 technologies. Such
content is often shared among different educators and is enriched, adapted and in general re-purposed so
that it can be re-used in different contexts. This paper discusses educational content and content
repurposing in medical education, presenting different repurposing contexts and an overview of the
current state on content repurposing. Finally, it proposes a novel approach to content repurposing via
social networking of learning objects.
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INTRODUCTION
During the past ten years we have experienced the realization of the so called “information society”,
characterized by mass information seeking and based on the distribution of pre-defined and standardized
digital data, mainly via the internet. Current and emerging trends in information systems and
communication services mark the shift towards a “knowledge society”, that is, a society based on
knowledge as a value. This emphasizes the cognitive advancement and, consecutively, involvement of
each individual. The growing use of internet not only modifies quickly and habitually the way people
work but it also leads the race in this educational revolution. The emerging Web 2.0 paradigm however is
promising to bring about yet another new situation, where the conventional human mediator as well as the
electronic mediator in the face of the internet and the web is replaced by virtual dynamic communities of
peers that learn and advance together.
Continuous advances in medicine and biological sciences lead to an ever expanding core knowledge
relevant to the medical practice [1]. Thus, medical academic institutions are increasingly required to invest
in order to enrich their curricula by developing overspecialized courses and corresponding educational
content. Educational content in medicine addresses address both aspects of medical education, namely
theoretical instruction and clinical apprenticeship. Thus it includes a broad range of learning object types
and is customarily produced by a variety of sources. It uniqueness lies in the fact that it produced by
academics and clinical teachers based on accepted scientific knowledge, as well as by clinicians and
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researchers on the field, be it the hospital, the medical ward or the clinical and/or research laboratory [2].
Another important factor that adds to the complexity, variability and uniqueness of medical educational
content is the growing penetration of active learning approaches in medical education [3]. Contemporary
medical education, on a good degree is based on case-based or problem-based learning and other small
group instructional models, collaborative organizations to support student-faculty interactions, and
technology-enhanced educational tools. Furthermore, new integrative curricula structures are proliferating
in the form of multidisciplinary block courses in the basic sciences, blended clerkships (combining two or
more specialties into one clinical experience), and integrated clinical experiences in multidisciplinary
health care settings. Under the above considerations, educational content in medicine corresponds to a
wide variety of objects. These include [4], [5]:


conventional educational content types also used in other areas, such as lecture notes, books,
lecture presentations, exam questions, practicals, scientific papers, graphs, images/videos,
algorithms and simulators;



educational content types unique in medical education, such as teaching files, virtual patients,
evidence based medicine forms, objective standard clinical examinations, clinical guidelines,
anatomical atlases, electronic traces of images, etc;



alternative educational content types, either reflecting active learning techniques (extensively used
in health education) and/or stemming from newly introduced web 2.0 technologies, such as
problem/case based learning sessions, serious games (2D/3D), web traces, wikis, blogs/discussion
forums, etc., including the notion of medical expert instruction in which ever form this may be
presented; and



user generated content, closely related to the above category of active content types, referring to
the collection of user interactions with an active learning content item, which by itself can be later
used as an educational item of its own, for example to highlight common mistakes and
misconceptions/misconducts, good and bad habits, behaviours trends, etc.

Considering the state-of-the-art nature of medical educational content, it is imperative that such content
can be repurposed, enriched, and embedded effectively into respective medical and other related scientific
curricula, clinical practice and continuing education, as well as public dissemination and awareness.
This paper discusses different perspectives of content repurposing in medical education, and gives an
overview of current state in the field of educational content repurposing. Finally, the paper presents a
novel approach for capturing the re-purposing of medical learning objects in collaborative educational
networks. Re-purposing of learning objects is described using metadata which can be edited
collaboratively in a social network, either by the instructor, or the student (and eventually even by
software itself). The social network is also used to capture and depict the relationships amongst different
re-purposed medical learning objects. The ultimate goal is to provide a conceptually different approach to
learning object search and retrieval via „social‟ associations amongst learning objects.

CONTENT REPURPOSING IN MEDICAL EDUCATION
The term „repurposing‟ means changing a learning object initially created and used for a specific
educational purpose in a specific educational context in order to fit a different new purpose in the same or
different educational context. Medical educational content repurposing can be of a variety of types:


Re-purposing in terms of the actual content: In order to account for state-of-the-art developments
and/or address different educational contexts, the need arises to add content or mutate content of a
learning object, integrate content from different learning objects, fuse different learning objects,
re-organize existing content, etc. or a combination of the above.
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Re-purposing to different languages: Although many higher education institutions in Europe often
use educational resources written in non-native languages (mainly English), while some courses
(especially at the postgraduate level) may also be taught in English, the rule is that higher
education is and should be delivered mostly in the native language. This is especially a mandate in
healthcare, as acquired knowledge should be finally communicated to the patient.



Re-purposing to different cultures: Common experience shows that there is also a demand for
content localization. In the case of medical, and scientific content in general, this mainly refers to
different legislation and local medical regulations, different lab tests norms, reference values and
units as well as different medical requirements of various ethnic groups. Moreover, we should
also consider the cultural differences among different user groups within the same national
healthcare system.



Repurposing for different pedagogical approaches: Pedagogical cultures present in healthcare
education range from the conventional lecturing to clinical practice and a variety of active
learning methodologies. All of these educational approaches would require the same content to be
presented in a different way, e.g. a lecture presentation and notes for the conventional teaching
approach should be restructured and repurposed to be presented as, for example, a list of questions
and answers or as a series of real world problems, or a collection of interactive teaching files in
the case of a more active learning episode.



Repurposing for different educational levels: A common reason for re-purposing is to address
different educational objectives in terms of difficulty or educational level. In this case content
needs to be adapted to match different pre-requisites and consecutively different learning
outcomes. In medical higher education, apart from the obvious undergraduate and postgraduate
levels, we also have to consider residents, specialty training and continuing life-long education
during medial practice.



Re-purposing for different disciplines or professions: Healthcare education addresses a multitude
of professions, ranging from medical doctors to nurses and lab technicians, to basic life scientists
and even healthcare administrators. Thus, the same educational content often needs to be adapted
in order to be delivered to an audience of a different professional background.



Re-purposing to different content types: As described previously, contemporary medical
education exhibits a considerable variety of content types. Thus a common aim of repurposing is
to change a learning object from one type to another. For example, a lecture presentation to a
didactic problem, or course notes to presentation and so on.



Re-purpose for different technology: Finally, we should account for changes to a digital learning
object that affect its technological characteristics, such as digital format, digital size and quality
(e.g. for images), metadata description scheme, computer platform, etc.

Although not formally addressed as such, educational content repurposing is what any educator is
routinely engaged in when preparing a new educational experience, including the educational content.
Customarily, when an educator sets the context and goals of a new educational experience, he/she will
overview existing content and/or search for new relative content and then re-purpose and re-organize
content to fit the purpose of the new educational experience. Therefore, in medical education and in
education in general, the notion of re-purposing becomes a central requirement.
Apart from this simple requirement to create easily new content for a different educational context,
common needs that push for research into the field of content repurposing include the following:


automatically re-purpose learning objects;



keep track of a learning object evolution, in order to (a) give credentials to original authors and
sources, and provide information that may have implications for the object‟s quality, validity,
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specificity, etc; (b) record and resolve intellectual property rights issues of content as it is being
repurposed and reused; and (c) update a learning object, or a fragment of it, when its parent object
is updated, changed, terminated, etc.; and


provide a different view in learning object search and retrieval via associations created during
repurposing.

The structure of an educational object that is repurposed may not necessarily change, but the key
differences should be emphasized, described and organized in terms of a variety of tags, including time
evolution, and other attributes. In order to allow for content re-purposing we have to view content in terms
of autonomous learning objects (LO) that are described via appropriate metadata. The purpose or the goal
of each LO in a particular learning context should be stated, including the learning context itself, learning
approach, the audience, learning objectives, relationships to other LOs and delivery context.
Learning Objects (LOs), as independent units of educational material targeting to specific training needs,
constitute one of the main research topics in the e-learning community. Many research initiatives in the
field concern the issue of LOs‟ reusability. In general, the purpose of e-learning standards is to provide
standardized data structures and communication protocols for e-learning objects and cross-system
workflows. E-learning standards can be organized into various general categories [6] including metadata
standards that specify the metadata used to describe LOs‟ attributes, such as the authors, title, and
languages; such descriptions can be published along with the LOs to facilitate their search and retrieval.
Currently, the IEEE LOM (Learning Object Metadata) XML scheme seems the most prominent standard
for describing learning objects (IEEE 1484.12.1-2002, http://ltsc.ieee.org/wg12/20020612-Final-LOMDraft.html) as it derives from a number of related standardization initiatives. LOM defines a wide range of
metadata to classify and characterize LOs , which include: overall descption (cataloguing, annotations,
and associations and relationships with other LOs), technical data (file size, format, installation/usage
descriptions), educational data (educational purpose, learning objectives, classification), and management
data (intellectual property rights). However, there are no generally accepted conventions for properly
describing learning objectives or the learning context, and although attempts have been made (such
CLEO, and Educational Markup Languages) these only capture some of the semantics; thus more complex
models are needed [7].
Using a standard such as LOM is not always easy, as:


filling in all the data requires effort;



not all data is relevant and useful to a particular author and/or LO prospective user;



many different metadata sets exist, with a considerable overlap;



some attributes are subjective, but a number of them are objective, e.g. difficulty. Some other
attributes have predefined values, which themselves are objective, and there is a great difficulty in
achieving a universal consensus about what they should mean;



thus, different communities give different meanings and use different descriptions (e.g.
extensions/alterations to the standard, such as Healthcare LOM, etc), really breaking down the
notion of the standard.

Considerable research work has targeted the automatic learning object repurposing. For example, the
common case of creating a new powerpoint presentation out of a repository of related presentations [8]. In
this work, the text of the PowerPoint (slides, notes pages, etc) is extracted and stored as text. Text is then
parsed and augmented with tags which are used to annotate each word with its syntactical form. This
approach allows to dymanically extract similar LOs, query by example and document-level similarity
checking (at document, at topic and at a slide level). With a similar target, the ALOCOM project created
an ontology for LOs and their components (types of components and relationships based on an ontology
of the structure of the learning content) [9]. This ontology is then used to build a framework that
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disassembles ppt presentations. These components are re-organized into more meaningful object types
(e.g. definitions, examples, references, introductions, summaries) in an automatic way. Analogously to the
ALOCoM work, the TRIAL-SOLUTION project defines an ontology for learning objects that includes
mathematical categories like definition, theorem, proof, or example, with the goal to create and deliver
personalized teaching materials that are composed from a library of existing documents on mathematics at
undergraduate level [10]. The perspective of domain specific ontology for learning object management is
commonly adopted. A prominent example is the ARIADNE project, which has put a lot of effort to enable
LO sharing and re-use, however resulted in a complex and hard to use as it basically reflects the metadata
standard rather than the characteristics, aims and requirements of the end user [11].

Content Repurposing in Collaborative, Social Networks
In this paper, we propose a different metaphor to manage learning object repurposing, following the
emerging paradigm of Web 2.0. The term Web 2.0 encompasses a whole new meaning and a collective
emergent behavior of the use of internet technologies, tools and applications that create networks and
communities of users (both humans and programs). One of the representative applications of Web 2.0 is
social networking websites that focus on creating online communities of individuals who publish their
content and activities while exploring others content and activities. Such sites cover a variety of topics and
provide most of web 2.0 tools and technologies for users to interact, such as wikis, blogs, etc. Therefore an
astonishing number of simple or more sophisticated social networking sites are currently emerging
ranging from mere casual social networking to collaborative web bookmarking and searching, school
teacher rating, collaborative document and spreadsheet editing, etc. A striking example that fully realizes
the web 2.0 paradigm is del.icio.us (http://delicious.com/), a collaborative bookmarking web site, that
allow users to share their bookmarks, creating their own tags and organizing dynamically bookmarks (on
any possible topic and within any context, including educational subjects and contexts), thus creating a
vibrant bookmark folksonomy that evolves over time. The tags themselves are chosen arbitrarily. They do
not correspond to any schema and therefore can have different meanings from one user to the next.
The proposed social network can be viewed as two distinctive and interacting networks. The first one is a
network of persons, including authors, potential authors and final users of learning objects (students, or
teachers or others, e.g. educational managers, etc). The second is a network of published learning objects.
The network of persons is functioning in a way similar to other social networks. Persons can interact with
each other via their personal blogs, declare friends and create their own interest groups. At a different
level, learning objects themselves create an equivalent social network with interactions with other learning
objects as well as with persons. These interactions are variable and dynamic, thus create an evolving, user
centric and goal oriented organization of objects and persons, based on social dynamics.
From the point of view of the objects‟ social network, interactions are more complex. Each object is
described by a variety of fields that capture its basic characteristics as well as features pertaining to repurposing. Basic such fields include:


author and author details,



date of creation (after the LOM data element 2.3.3 Date)



keywords, that may be free user defined tags (after the LOM data element 1.5. Keyword)



language (after the LOM data element 1.3. Language)



description, that is free text and may also contain user defined tags (after the LOM data element
1.4. Description)



type, i.e. exercise, simulation, questionnaire, diagram, figure, graph, index, slide, table, narrative
text, exam, experiment, problem statement, self assessment, lecture, etc (after the LOM data
element 5.2. Learning resource type)
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user role, i.e. teacher, author, learner, manager, etc (after the LOM data element 5.5. Intended End
User Role)



audience level, i.e. undergraduate, postgraduate, resident, specialist, public (after the LOM data
element 5.6. Context)



audience profession, i.e. medical, nursing, biology, informatics, administration, engineering, etc



audience culture, i.e. ethnic or national group reflected in the content



copyright (after the LOM data element 6.2. Copyright and other restrictions).

The LO itself can be a resource in an LMS, another repository, a resource on the web etc. and its location
is stated by the field URL, (after the LOM data element 4.3. Location), or it can also be an associated file
or files uploaded in the social network itself.
author 2

author 3

author 1

LO
4

repurposed
from
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to

LO
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LO
3

LO
2

tag
2

repurposed
to
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Figure 1. Three level LO organization in the proposed social network.

The organization of LOs is dynamically created in three different distinctive levels, as shown in Figure 1.
A most straightforward organization is created via the group “my learning objects” that each author
creates to include all learning objects he/she has created, either as the principal author or as the result of
repurposing. Then, a second complex and dynamic organization is created based on the user generated
tags that have been declared for each of the LO description fields. Finally, a third type of organization is a
hierarchical one, describing the re-purposing history of each object. Upon creation, each object declares
other objects from which it has been repurposed, thus creating a group of „parents‟. At the same time, each
object exhibits a group of “re-purposed to” objects, as “children” objects. This group is dynamically
created whenever a new object is created as a re-purposed instance of an existing one. Learning objects
profile in the social network also includes a blog, for author comments and most importantly for
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comments from users, including other authors and/or students and teachers that have used the object and
can comment on its value, quality, re-purposing potential, etc.
The current deployment of this learning objects social network is implemented on
http://galinos.med.duth.gr:81/elgg/ using the Elgg open source social engine (http://elgg.org/). Elgg was
first announced in 2004, and provides the necessary functionality to build a social networking site, either
public or within an intranet. The software has its own plug-in architecture, and supports a number of open
standards including RSS (which is used throughout Elgg), LDAP for authentication (soon to support
OpenID), FOAF, and XML-RPC for integration with most third-party blogging clients. Elgg runs on a
combination of the Apache web server, MySQL database system and the PHP interpreted scripting
language. Figure 2 shows some representative example screens of the social network.

Figure 2. Representative screens of the LO social network, showing an object‟s profile,
an author‟s profile and the objects that where created by repurposing this object.

DISCUSSION
Technology-supported educational interventions are usually successful when specific training
requirements are aligned with the learning potential created by and the educational use of technology.
Thus, requirements for flexible, adaptive and ubiquitous online content sharing should evoke notions,
practices and technologies from respective state-of-the-art evolutions of the Web, but not only. The recent
web revolution under the collective term Web 2.0 where the user is considered as a contributor, rather than
a passive recipient, together with other artifacts of collaborative educational environments, provide
multiple facets of what is known as user-generated content. Such educational content is created by
participation and collaboration as an emergent product of human education-centred interactions.
The proposed approach of learning objects social networking has been deployed in order to study learning
object re-purposing in medical education with the recently initialised European Best Practice Network
“mEducator: Multi-type Content Repurposing and Sharing in Medical Education”, under the eContentplus
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2008 program. The ultimate goal is to provide an alternative view of learning content organization,
management and sharing for use and re-use across healthcare institutions, via „social‟ associations
amongst learning objects with emphasis on their repurposing history and associations.
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