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Abstract

eCMS is a web-based federated content management system for the support of distributed teaching. The core of the
system is an open, distributed middleware architecture for the publication, discovery, retrieval, and integration of
educational material. The infrastructure supports standalone material, structured courses, and integration of existing
organized repositories. The infrastructure is complemented with services targeting the specific needs of user groups
involved in the eLearning process, i.e. learners, content providers, course managers, and repository administrators.

Keywords

eLearning, distributed teaching, content management, middleware, integration, content
reuse, metadata, federated, autonomy, services, scalability, 3-tier architecture, structured
courses, examination development, statistics analysis

1. Introduction

Asynchronous elLearning overcomes geographical and temporal constraints
transforming learning into a process that can occur at the independently determined
convenience of instructor and learner (Harris D., DiPaolo A., Goodman J. 1994).
Demand for asynchronous eLearning has been developing driven by corporations and
professionals seeking to remain competitive in a constantly evolving market.
Furthermore, asynchronous eLearning is recently being used as a complementary
educational tool in traditional classroom education (eLearning 2001).



The success of asynchronous elLearning relies on the effective management of the
wealth of available educational material. Recognizing the importance of educational
content management in the distributed teaching process, the eCMS project focuses on a
web-based federated content management system for the support of the distance
education process. The core of the system is open, distributed middleware for the
publication, discovery, retrieval, and integration of educational material. The
infrastructure is complemented with services targeting the specific needs of user groups
involved in the eLearning process, i.e. learners, content providers, course managers, and
repository administrators. eCMS supports standalone as well as distributed
configurations, allowing installations to evolve into educational content portals and
ensuring the autonomy of institutions participating in an extended eCMS educational
network.

eCMS services for learners include information discovery through metadata keyword
searches, navigation through organized content, participation in self-assessment
examinations, educational module reviews, and on-line collaboration. Services for
content providers include optional content hosting, metadata authoring wizards, and
support for the development and management of structured courses as well as multiple-
choice examinations. The system facilitates the reuse of content for the creation of
value-adding educational entities under the control of the owning organization. Services
for repository administrators include publisher and user management, educational
content metadata indexing, and transparent gathering of system statistics aiming at the
constant improvement of services and material.

eCMS recognizes that course structuring often reflects the pedagogical practices and
internal organization of academic institutions. In addition, educational content
contributors are typically professors who have already well developed pedagogical
practices, existing material, and limited time to restructure content or teaching methods.
Success of an on-line educational content publication service depends on its flexibility
on course structuring. Rather than enforcing a predefined structure, eCMS allows
providers to organize course content in a manner that best fits their academic practices
through the support of flexible tree-like course hierarchies with no additional
limitations. Course content is developed in private workspaces and can be published
either as complete entities or in parts (e.g. weekly) when content providers feel that it is
ready for public view.

On the other hand, while organizations recognize the benefits of on-line content
dissemination they are reluctant to publish content through a system that they do not
fully control. The federated nature of the eCMS middleware allows institutions to install
and locally manage an eCMS node that may optionally be connected to a larger eCMS
network.

Finally, eCMS supports the integration of existing organized repositories through
metadata importing and mapping agents, a feature not currently supported by available
eLearning management systems (Blackboard 2003), (WebCT 2003). This feature
stresses the federated nature of eCMS networks as opposed to standalone content
management configurations.

To facilitate the on-line learning process eCMS offers a basic collaboration environment
that enables learner-learner and learner-instructor communication taking advantage of
available off-the-shelf tools.



External learner groups consisting of secondary school teachers and higher education
learners in two European countries have already tested the system with positive results.
However, the proposed infrastructure is independent of the targeted learner group and
may be used in a wide range of eLearning initiatives.

2. eCMS Educational Content Management Middleware

Figure 1 displays the eCMS educational content management node. Information is
logically organized into separate data stores for metadata, content, and system statistics.
Furthermore, the business logic is separated from the data and is implemented in a
separate service layer to ensure flexibility in educational offerings, software updates,
and interface improvements.

The Metadata Store holds a description record for each published educational module.
The system supports optional hosting of material into a designated Content Hosting
Area. Material is uploaded into the system through the Hosting Service. It is expected
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Figure 1. eCMS System Architecture

that this mechanism will typically be employed for the publication of standalone
educational units originating from institutions that do not currently offer organized
distance education programs or the infrastructure and know-how to manage content
independently. Finally the Statistics Store holds transparently gathered statistics on
system use. Analyzed statistics are available for review by both system administrators



and course managers, who may use the information to evaluate their practices and
identify points of improvement.

Users interact with the eCMS Content Management Node through a web-based
interface providing customized library views targeting the needs of learners, content
providers, course managers, and repository administrators.

Content providers can publish educational material in one of the following ways: (i)
through the eCMS Metadata Submission and Editing Wizard, a facility that guides
publishers through the step-by-step generation of metadata descriptions for educational
entities. (i1)) Through the eCMS Course Developer, which supports the publication of
structured courses. (iii) Through the Metadata Importing Wizard for the transparent
integration of external repository metadata, thus enabling the publication through the
system of entire collections of information in a manner that does not interfere with the
external repository normal operations.

Learners have access to published content through search and navigation interfaces that
support text-based queries against the educational metadata. The system is extensible to
support text-based queries against content. Content may be retrieved through the
Information Delivery Service and presented to the learner in an appropriate format
depending on the storage method and the intended use of the module (image, text,
video, etc).

The Statistics Gathering and Analysis service automatically collects statistics on the use
of offered services during the regular eCMS operation. Statistics include information on
keywords used in queries, metadata records matched through queries, reviewed
metadata records, and user information. The goal of this operation is the constant
improvement of the system functionality and content, as described in more detail in
section “System Statistics”.

Finally, a collaboration environment developed through off-the-shelf tools facilitates
communication between learners (e.g. group work) as well as learner-instructor
interaction (e.g. office hours) thus aiding the learning process. The tools consist of chat-
rooms, forums, and application sharing modules.

Additional Content Management Nodes are supported to ensure scalability as the
amount of managed information increases. Each eCMS node manages a distinct
metadata collection and corresponding content. As described in more detail in section
“Support for Metadata Distribution and Distributed Queries”, distributed information
is periodically and transparently synchronized to ensure that users have access to the
entirety of the distributed content through an interface that hides the underlying system
complexity.

The system is designed as a 3-tier web-based application to ensure modularity of
offered services and minimum requirements on the user side. The back end (server side)
of the architecture serves as metadata, content, and statistics storage. Metadata and
content is published on the web through a commercial Application Server. The middle
tier implements the business logic as servlets for specific services. The front end (client
side) is developed as JSP applications.

Figure 2 displays the 3-tier implementation. As shown in the figure, independent
services and interfaces are developed for each of the identified target user groups that
participate in the asynchronous eLearning process: Public Services aimed at learners,



Provider Services aimed at content providers and course managers, and Administrator
Services aimed at repository administrators.
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Figure 2. The 3-Tier Implementation

3. Course Structure

One of the key difficulties and hindrances for publishing content, particularly already
existing modules, into eLearning libraries is the fact that many systems support a very
specific course-structuring model. At first glance this may seem as a feature that
simplifies the publication process and guides publishers through content development.
However, this choice may prove a significant disadvantage when academic institutions
wish to create distance education programs based on existing content and educational
practices. These programs are typically developed by professors who on the one hand
have very limited time and on the other have already well developed teaching practices
that they wish to transfer to eLearning courses. Furthermore, in a lot of situations the
structuring of courses may represent a larger view on the educational process adopted at
an institutional level.

It becomes apparent that for the success of any open federated library for educational
content flexibility in the structuring of courses is a vital feature that encourages content
publication. For this reason, the eCMS system allows maximum flexibility to content
providers on the structuring of material. eCMS achieves this flexibility by imposing the
least possible structuring constraints. A hierarchical approach has been adopted. The
providers may decide the types of educational modules they will use for course
structuring purposes. Examples of currently supported module types include course,
module, section, and subsection. However, the supported educational module types are
dynamically managed by eCMS administrators, as opposed to being hard-coded into the
system, and may be easily extended through straightforward on-line services.

Figure 3 displays the representation of structured courses in the eCMS system. In the
presented example a number of independent modules are displayed, interconnected with
“contains” relationships. Thus, modules published through the system may be reused,
provided that the publishing organization permits. This example displays two courses:



“Computing” which includes “Computer Architecture” and “Desktop Tools” (e.g. a

PN

lab), which in turn includes “Imaging”, “Doc Editing”, and “Spread Sheets”. “European
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Figure 3. eCMS Course Structure Supporting Flexibility and Module Reuse

History” includes a module for a historic period and is reusing parts of “Computing” to
provide learners with basic desktop skills.

4. Educational Content Metadata

Figure 4 displays a high level overview of the eCMS Educational Module metadata
schema. The metadata schema has been developed taking into account earlier work in
this area (The Dublin Core), (ETB), (Learning Technology Standards Committee 2000),
(Nikolau C., Georgakopoulos G., Tsalapatas H. 2000).

The information is organized through relational database tables. Each published
educational entity corresponds to a record in the Metadata table and is uniquely
identified. Information is also maintained on Publishers (e.g. the Department of
Computer Engineering) as well as the Institutions the Publishers belong to (e.g. the
University of Thessaly). More than one Publisher may be associated with each
Institution, thus creating a hierarchy of Publishers in the organization of published
educational modules.

Information is organized in Thematic Areas for navigation and information discovery
purposes. The supported Thematic Areas are kept in a corresponding table, which is
easily updateable through available on-line services for repository administrators.

The Module Type table holds information on the types of educational modules
supported by the eCMS system (e.g. courses, chapters, sections, subsections, etc). The
table enables flexible course structures as the update of supported module types and the
addition of new ones is dynamic and involves simple database operations through on-
line functions for repository administrators. Course structure is maintained through the
Module Hierarchy table, which holds parent-child relationships forming tree-like
hierarchies as described above.

The Module Status Codes table enables the effective management of educational
modules by providing a means of identifying entities that are under construction,



completed, public, or available for reuse by other content providers. This information
may be used to customize the presentation of information to users. For example,
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Figure 4. Overview of eCMS Educational Content Metadata Schema

learners may only see public modules whereas publishers may only reuse modules that
are marked as “available for reuse” by the owning organization. The status code
granularity is at the educational node level, as opposed to the course level, implying that
parts of a course may be marked as “completed” while other parts may be marked as
“under construction” to ensure maximum flexibility in course publication. Status codes,
similarly to educational module types, are dynamically managed through on-line
functions, ensuring the straightforward modification of existing and the addition of new
ones.

Security information is held in a separate space in the schema and includes user
accounts and groups that control access to content and metadata in the system
repositories.

Finally, in order to support distribution of metadata, a feature that supports the
autonomy of participating organizations, as well as efficient queries against the entire
content space, the eCMS system maintains a directory of available repositories in a
wider eCMS network. The directory is used for metadata synchronization and caching
as described in more detail in section “Support for Metadata Distribution and
Distributed Queries”.

Finally, text-based indexes are built on the Module Metadata to allow free-text search.
Indexes are built on a set of searchable free-text metadata fields, while regular SQL
queries are supported against the entire metadata record description.



5. Summary of eCMS Services for the Support of Distributed Teaching

The following sections provide a high-level overview of the eCMS services
implemented on the educational content management infrastructure described in earlier
sections. Services are customized for each targeted user group, namely learners, content
providers, course managers, and repository administrators.

5.1 Services for learners:
e Queries

- Free-text search
- Search with options
- Search by eCMS record ID

e Navigation

- By publisher
- By thematic area
- By author

e (Collaboration environment

- Chat-rooms
- Forums
- Application sharing

e Participation to self-assessment examinations
e Educational module reviews

- Submission of module ratings
- Submission of module reviews

e Management of personal record in eCMS

- Personal account creation
- Personal data and personal account editing

e Feedback forms

- On-line questionnaire
- Email-based feedback

e Services manual
5.2 Additional services for educational content providers:

In addition to the above services for learners, the following are available for content
providers:

e Private work spaces

e On-line metadata generation and publication

e Management of educational content metadata (editing, deleting)
¢ Optional content hosting

e Access to learner content reviews and ratings



5.3 Additional services for course managers:

e On-line structured course developer and editor

e On-line multiple-choice examination developer and editor
5.4 Additional services for repository administrators:

e Account and group management

e Supported educational module type management

e Institution and publisher management

e On-line text-based metadata indexer start-up

e Importing of organized external repositories

e Support for the distribution of metadata and content

The following sections provide more details on key eCMS services and features.
Additional information can be found in the eCMS Design and Implementation Reports
(Tsalapata H., Brna P., Stav J. 2002, Tsalapata H., Kalantzis C., Brna P., Stav J. 2003).

6. Course Developer and Editor

The eCMS Course Developer and Editor utilities are part of the eCMS content and
metadata publication services. However, since they constitute an important aspect of the
eCMS system, they are discussed as separate entities.

6.1 Course Developer

The eCMS Course Developer facilitates the on-line construction of structured courses.
This value-adding functionality enables providers to make the most of published content
since it allows the creation of new structured entities either using new modules or based
on already published information. The service complements the eCMS Metadata
Submission and Editing Wizard for the publication of standalone educational modules.

The eCMS Course Developer adopts a recursive top-down construction approach with
the possibility of information reuse. The approach is displayed in Figure 5. To gain
access to the service, providers must log into the eCMS system with their user account
(1). The first step of course creation is the submission of a general metadata description
for the course that documents the course title, the thematic area, the covered topics, the
targeted audience, the required background on the learner’s behalf, examinations, hand-
ins, instructor availability, credit information, and other information. The record is
created through the Metadata Submission Wizard. Subsequently, providers are
requested to add sub-modules to the course.

Sub-modules may be:
e New entities that the provider creates at the time of course creation, or
e Existing entities already published through eCMS, which the provider reuses.

In the case of a new entity, the provider uses again the Metadata Submission Wizard to
create a metadata description for the sub-module (3). The provider may at this point
associate content with the metadata record. For remote content, the provider only needs



to enter the content’s address (URL). Optionally, the provider may upload content into
eCMS, in which case the Course Developer automatically generates the corresponding
eCMS address.
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Figure 5. Course Developer and Editor

The provider may reuse an already published entity as a sub-module by selecting the
entity’s title from a drop-down list (3). Reusable entities may be:

e Entities that are owned by the provider, in which case the provider has by
default full rights, or

e Entities that are owned by other providers and have been marked by their
owners as “available for reuse”.

Once the sub-module has been created a parent-child relationship between the existing
node and the newly created sub-module is automatically inserted into the eCMS Course
Structure area, extending the course hierarchy.

The above process is repeated recursively in a depth-first manner until the course is
completed. Upon completion the provider may review the structure and use the Course
Editor to make any necessary changes / improvements.

6.2 Course Editor

The eCMS Course Editor is a tool that complements the Course Developer. Together
these tools form a complete structured-course authoring environment. Through the
Course Editor providers may perform the following operations:

e Review a course hierarchy: The editor is a structured-course viewer. Two views
are supported:
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— Full expansion: The entire course structure is presented. This option is most
useful for short courses.

— Partial expansion: Two levels are displayed at any given time. HTML links
lead to deeper or outer levels.

Edit the metadata description of a node in a course hierarchy: The metadata
editing mechanism utilizes the Metadata Submission Wizard.

Upload new content and associate it with a node in a course hierarchy:
Uploading of content is performed through the Hosting Service as described
above.

Publish a node: This function moves a node and all its children to level “public”.
Upon completion the sub-tree rooted at the node is visible by the general public.

Hide a node from the public: This function moves a node and all its children to
level “complete”. Upon completion the sub-tree rooted at the node is visible
only to the owner / publisher.

Allow reuse of a node: This function moves a node and all its children to level
“reuse allowed”. Upon completion other publishers may reuse the sub-tree
rooted at the node for the development of value-adding educational entities.

Delete a node: This function deletes a node and all of its children. Also, it
deletes all parent-child relationships between the node and its children and
between the node and its parents and repeats this operation recursively for each
child. Upon completion the sub-tree rooted at the node is deleted.

Detach a node: This function detaches a node, i.e. removes the corresponding
parent-child relationship. The difference with the delefe operation is that no
nodes or other relationships are deleted. Figure 6 displays the result of detaching
Node B from Node A.

TR s

Figure 6. Node Detachment

Add before: This function inserts a new node in the course hierarchy at the same
level as the node being operated on. In the resulting tree the existing node
follows the new node. Figure 7 displays the result of adding Node C before
Node B.
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e Add after: This function inserts a new node in the course hierarchy at the same
level as the node being operated on. In the resulting tree the new node follows
the existing node.

e Add inside: This function adds a child to a node. It is useful when the node being
operated on does not have children, in which case the “add before” and “add
after” operations are not applicable.

Figure 7. Node Insertion

All actions described above, with the exception of course review, are allowed on nodes
that are owned by the publisher. During the recursive execution of the operations on a
sub-tree only nodes that are owned by the publisher are affected. Nodes that are part of
the sub-tree and are not owned by the publisher, i.e. they are reused, are not altered in
any way.

7. Examination Developer and Editor

The eCMS Examination Developer and Editor is an on-line authoring tool that supports
course managers in the development of multiple-choice self-assessment examinations
for learners. The examinations may or may not be associated with courses or other
content published through eCMS and may be incorporated into a course hierarchy.

In a manner similar to the one used for course development, examination development
is achieved through a top-down approach. A general description of the examination is
created first (2), in which the developer may document the scope of the examination, the
knowledge being assessed, the educational material it is associated with, and other
information. An eCMS metadata record is automatically created for the examination and
may be used as a handle for optionally incorporating the examination into a course
hierarchy, as mentioned above.

Once the general examination description is complete, the eCMS Examination
Developer guides the user through the addition of multiple-choice questions to the
examination (3) through the Examination Question Wizard. For each question, the
wizard prompts for the following information:

e The question text

e Up to 5 possible answer texts

12



e The correct answer

e An optional hint for the correct answer to be presented to the learner taking the
examination

e An optional eCMS address (URL) of the educational module where the correct
answer may be located.

This process is repeated for each question to be added to the examination.

The Examination Editor supports the editing of metadata fields, the deletion of
questions, and the insertion of new questions through the Examination Question
Wizard.

8. Support for Metadata Distribution and Distributed Queries

In order to ensure autonomy of participating organizations, eCMS supports the
installation of more than one eCMS nodes interconnected into a federated digital library
of educational content. Thus, institutions may install an eCMS node in their premises
and manage it through the provided Repository Administrator services. Remote eCMS
nodes may be easily connected into a wider eCMS network through the support for
Metadata Distribution and Distributed Queries. This feature ensures that publishers
may get the best of both worlds: autonomy in the management of the content, scalability
with respect to metadata volume, and participation in educational networks.

eCMS hides the complexity of the federated content management infrastructure from
users, who may submit a query through an eCMS entry point and receive merged results
of query hits from all eCMS nodes. Users may review query results from a single list
without needing to know details about the nodes that manage individual records.

Two approaches were considered for the implementation of metadata distribution and
distributed query support:

e Distributed queries: This approach involves the propagation of a user query,
which has been entered through an eCMS entry point, to all eCMS nodes, the
execution of the query locally at each eCMS node, the collection of query results
from all nodes, the merging of results, and the presentation of a single, merged
result list to the user.

e Metadata caching: This approach involves “synchronization” of eCMS metadata
repositories. Specifically, it involves caching of remote eCMS metadata, which
results in equivalent eCMS nodes, i.e. into eCMS nodes that hold the same
metadata information.

The second approach, i.e. metadata caching, has been implemented in the eCMS system
to alleviate the need for remote queries, thus resulting in faster query responses.

The Repository Synchronization service is available on-line to repository administrators,
who may invoke it through a simple click of a button. It may also be programmed by
administrators to be executed periodically, e.g. nightly. Repository synchronization is
achieved through the following steps:

1. Locate the addresses of all remote repositories connected into an eCMS network.
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2. For each remote repository:
e Delete the locally cached information that originates from the specific repository
e Import the repository’s metadata
e Import the repository’s course hierarchy structures

To facilitate the above actions eCMS stores information on the eCMS repository of
origin, i.e. the repository where the record is stored and managed, in each metadata
record. Other repositories simply cache copies of the original records.

9. External Repository Integration

External organized educational content repositories, which have their own educational
metadata definition sets, may be integrated into eCMS through the Metadata Importing
Wizard. The wizard works transparently to the external repository’s normal operation
and operates in the background as a demon that may be configured to poll the external
repository periodically, e.g. nightly or weekly. The wizard imports external metadata
records, maps the metadata to the eCMS metadata definition set through a mapping
scheme that is specific to the external repository, and stores the mapped metadata into
the Metadata Store as eCMS records that are subsequently indexed through the eCMS
metadata free-text indexer.

This functionality requires cooperation between the eCMS and external repository
administrators, who must provide the mapping of the external repository metadata fields
onto the eCMS metadata definition set.

10. System Statistics

Gathering and analysis of statistics can lead to valuable feedback on the system
infrastructure, the organization of content, and the costs and benefits of the provided
services to the users. For this reason, in addition to gathering user input through
questionnaires and email, statistics gathering and analysis mechanisms have been
developed that operate transparently and gather information on system use.

Gathered statistics currently include the following:
e Query keywords entered by users, for both basic search and search with options
e ¢CMS identifiers of records matched by queries
e Reviewed metadata records of educational modules
e User information
e Date of statistics record entry

The above information is gathered by automatically inserting records into a designated
Raw Statistics area of the Statistics Store each time a user enters a query or reviews an
educational module. Once analysed, the statistics information is moved to a
corresponding Analysed Statistics area of the Statistics Store. The analysed statistics
provide views and summaries of the gathered raw information in a format that can be
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easily interpreted by repository administrators and course providers and can provide
valuable feedback leading to system and service improvements, such as more accurate
metadata information and interfaces that are easier to use.

Table 1 displays examples of analysed statistics and possible improvements they can
lead to.

Analysed Statistics Possible System and Service Improvements

Occurrences of a particular Adjustment of the navigation interface according to
keyword in basic free-text queries | frequently used keywords.

Occurrences of a particular
keyword in particular fields for
queries with options

eCMS identifiers of matched Rarely matched records may imply unintuitive
records metadata descriptions. The metadata descriptions
of such records may have to be modified to ensure
easier discovery.

Reviewed metadata records Rarely reviewed metadata records may imply
reduced interest of users for the corresponding
content. Such content may have to be adjusted to
better meet user needs.

Table 1. Analysed Statistics and Resulting Possible System Improvements

11. Conclusions

This paper presented the eCMS educational content management system for the support
of asynchronous eLearning. The purpose of the system is to provide an open scalable
platform for the publication, management, and dissemination of possibly distributed,
heterogenecous educational material developed by educational content providers across
Europe while maintaining the autonomy of participating organizations. In addition to
providing a platform for the publication and management of educational content, the
system provides services for all user groups participating in the asynchronous eLearning
process, namely learners, content providers, course managers, and repository
administrators.

The presented architecture has been implemented in the context of MINERVA-
SOCRATES action project 90613-CP-1-2001-1-GR-MINERVA-M  “Content
Management Middleware for the Support of eLearning across Europe” (eCMS 2001).
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