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Executive Summary

Introduction

This report describes the results of the study into the State-of-the-art of technologies related to the Alfanet
project. The aim of the study was to identify existing systems that could be used as components of the
Alfanet system, technologies that could be incorporated in the design of the system and peripheral systems
and/or standards that the system should interface with or comply to.

Chapter 1 first provides a brief introduction to the Alfanet project and describes the scope of the project.

Chapter 2 provides an overview of the preliminary architecture for the Alfanet e-learning system and
allocates the technologies which will be studied.

Chapter 3 summarizes the outcomes of the evaluations of the different technologies.
Chapter 4 draws some preliminary conclusions for the further development of the Alfanet system.

Attached to this document are 14 appendices in which each technology is described in more detail.

Description of conclusions/results

The study resulted in the identification of existing systems that could be used as components for the Alfanet
system, several technologies that could be incorporated in the design of the system and peripheral systems
and/or standards that the system might have to interact with. No definite conclusions were formulated but
several principles were stated that served as starting points for discussions and decisions about the design
of the architecture for the Alfanet system. The most important principles that were stated are:

1) The Alfanet system should incorporate the existing E-learning platforms: aLF and Edubox, and
facilitate integration with existing knowledge management tools.

2) The system should adhere to standards for privacy and security, XML and related standards, and
the EML standard for describing the structure and process of learning. In addition, several principles
were stated about requirements and approaches for designing the architecture of the system.

Alfanet Active Learning for Adaptive Internet IST-2001-33288
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1. Introduction

1.1 Situation

The present document describes the results of activity T12: State—of-the-art-technologies, the purpose of
which was to study and describe technological and educational developments that could be relevant for
reaching the objectives of the Alfanet project. The main goal of the Alfanet project is to build an e-learning
system that will take advantage of the new internet related techniques, human interaction, and machine
learning, to allow:

a) organisation personnel to have interactive, adaptive and personalised e-learning experiences bringing
them the opportunity to learn and experiment on matters that are relevant for their work.

b) organisations to control and efficiently manage intellectual capital, promoting the evolution of employees
in specialised & multidisciplinary areas for their work.

In addition the project aims to contribute to the educational standardisation efforts for adaptive education and
to define a business model for e-learning.

1.2 Purpose

The purpose of the document is to provide an overview of technologies and approaches that are relevant for
the development of the Alfanet system. At the start of the project the following main requirements,
constraints and basic assumptions were set out for the Alfanet system:

o The system will present effective and adaptive instruction to learners in a web-based learning
environment.

e The system will allow learning content providers and educational centres to provide learning
contents in such a way that these contents can be adapted to the personal needs.

e The system will allow collaboration between users (learners, teachers). It will facilitate the
development of virtual communities which can manage workgroups on the web.

e The system will be secure, meaning that all personal information of users of the system will remain
confidential, safeguards will be installed to avoid unauthorised access and virus infections to secure
the integrity of the system and measures will be taken to secure the copyrights of the learning
materials.

Technically the solution is anticipated as:
e The system will be based on a multi-agent architecture.

e Adaptation of instruction to learners will be inferred from user models that are acquired from
available learner data and the learner’s interaction with the system. The models are build by
applying a set of machine learning techniques.

o The system will be based on advanced pedagogical models (active learning, collaborative learning,

).

e The system will build upon and contribute to existing standards for describing and publishing
learning materials, including standards for adaptive instruction.

In the light of these requirements the main objectives for task T12 were to:

1. Identify existing systems that could be readily used or adapted to fulfil the basic functional
requirements of the Alfanet system. In order to avoid reinventing the wheel and having to develop
system functionalities from scratch, already available systems on the market that could possibly be
incorporated into the Alfanet system are identified and described.

2. Identify technologies and approaches that could form the basis for the design of the Alfanet system
in order to fulfil the main functional requirements for the system.

ALFANET Active Learning for Adaptive Internet IST-2001-33288
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3. lIdentify peripheral systems and/or standards that the Alfanet system should adhere to or should be
able to interface or integrate with.

This document is intended to be read by designers and developers of the Alfanet system. The results of
achieving objective 3 provides input to Deliverable 1.3 “Functional specifications”. Results of achieving
objectives 1 and 2 can be as input for further designing (Work package 2) the Alfanet system and/or to
implement the final requirements for the Alfanet system (Work packages 3 and 4).

1.3 Overview

In order to achieve the objectives for Task T12 as stated in the previous section all project participants
identified possible relevant topics for study. In several sessions these topics were sorted, ordered, combined
and/or split up until a list of topics evolved that could be expected to provide all necessary relevant
information. Per objective the list is as follows:

To identify usable components for the Alfanet system, a review of existing learning systems in the open
market was made. The following types of systems were studied:

e E-learning platforms
e CSCL environments and approaches

To identify relevant technologies and approaches, the latest developments in the following domains were
studied:

e Adaptive educational systems and approaches
e Advanced instructional design models
¢ Web mining
e User modelling
e Educational ontologies
e Machine learning
¢ Intelligent agents and multi-agent architectures
o Web access and services
To identify relevant peripheral systems and/or standards, the following domains were studied:
e EML - Learning standard
e XML and related technologies
e Security Concepts
o Knowledge management tools

In the next section we will provide an overview of the Alfanet e-learning system and allocate the technologies
which will be studied. In the third section the outcomes of the evaluations of the different technologies are
summarized. Finally in the fourth section preliminary conclusions are drawn for the development of the
Alfanet system.

ALFANET Active Learning for Adaptive Internet IST-2001-33288
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The following figure provides a possible overview of the basic components for a learning management
system (LMS).
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All interaction (I-1 to I-4) with the LMS takes places via a web-browser or navigator. There are principally
four different goals that different users can have to interact with the system. These goals and the different
user roles are:

I-1. Content Management: an author or professor defines or refines contents by means of the Author Tool.
The contents are stored in the Content Repository.

[-2. Learning Administration Management: an administrator manages the learning trajectories of each
individual learner or groups of learners. Functions that can be performed are for example the enrolment
of learners, the assignment of learners to courses, authorising levels of information access to different
learners, monitoring of learners progress, etc.

[-3. Competence and Knowledge Management: Tutors and managers assess and report on learners’
competencies in order to maintain an overview on a companies’ human resources and maintain a level
of services the company as whole has to be able to provide to customers.

I-4. Learning: Learners interact with the system and through the system with other learners or professors in
order to acquires new knowledge or learn new skills. The system adapts the contents, the presentation
and the available services to the learners’ needs and preferences, and advices the learner on additional
information sources and communication channels.

The next sections describe the main components of the LMS architecture and how they relate to the topics
that are studied and described in this document.

2.1 Authoring Tool

The authoring tool supports the author in the definition of Content Material: the main input of the LMS
Corporate Lecturer System. With contents the actual texts, graphics and assignments that are presented to
the learner are meant. These contents are specified according to a certain methodology that describes
when, how and in what format the contents should be presented. The contents that an author adds are

ALFANET Active Learning for Adaptive Internet IST-2001-33288
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stored in the content repository. The tool also provides facilities for importing and exporting content and for
connecting to external content sources.

Several topics of the study are relevant for the development of this tool. First, the topics E-learning platforms
and CSCL Environments and Approaches are relevant for identifying existing market authoring tools (for
editing contents, image, video composition) that could be incorporated in the system. Second, the topics
Adaptive educational systems and approaches and Advanced instructional design models are relevant. The
Alfanet system will be able to present and adapt the instruction that is provided to the learner according to
different pedagogical models and adaptive approaches. Therefore it must be ensured that the authoring tool
will allow an author to enter the contents in a format that is consistent with the chosen models and
approaches. Third and finally the topic EML — Learning standard is relevant in order to investigate how the
contents can be entered, imported and exported consistent with the EML standard.

2.2 LMS Administration Facilities

The Administration Facilities component provides functionality for the general management of assigning
learners to courses and facilities. It covers the entire life-cycle of a course’s administration from registration
and follow-up to termination. Some facilities are: user inscription, course registration, assignment of users to
courses, authorisation of access to certain contents or special private information, workgroups configuration,
and in general all types of events that can occur in a LMS.

The most important topic of the study that is relevant for the development of this tool is: E-learning platforms.
Administrative functions are the most important (and often only) features of most of the many LMS’s. An
overview of E-learning platforms in the existing market is given and those that could be incorporated into the
Alfanet system will be identified. In the design of the Administration Facilities component functionalities will
have to be included to ensure learner privacy and to manage copyrights of third party instructional materials.
In the topic: Security Concepts, approaches for meeting these requirements are studied.

2.3 LMS Auditing Facilities

The purpose of the LMS Auditing Facilities component is to gather data about the effectiveness of the tool.
The following aspects are taken into account: 1) assessment of changes in learners’ knowledge and skill
development, 2) assessment of the efficiency, effectiveness and employment of (parts of) the courses, and
3) identification of unusual or undesired events. Examples of the last aspects can be for example: critical
situations in that learners do not or too slowly reach a required level of performance, or situations in which
collaborative group processes are ineffective or even detrimental to the learning of the group members.

The chosen approach for gathering these data is to analyse the traces of the learning process that learners
leave while interacting with the system. That is, all information about interactions of learners with the system
(e.g., access of information pages, performance on assignments, interactions with other learners, etc.) is
stored and analysed by the Auditing Facilities component. Results of the studies into topics: Knowledge
management tools, Web mining, are expected to provide information that is of relevance for the design of
this component.

24 LMS Corporate Lecturing System

The LMS Corporate Lecturing System is the central component of the Alfanet system. This component takes
care of managing the interaction between the learners and the Alfanet system. It's key function is to
dynamically adapt the instructional interactions to a learners’ needs, wishes, learning performances and/or
characteristics. In order to do this the component decides on: 1) what instructional contents are to be
delivered to a learner, 2) in what format these contents are to be delivered, 3) what advice are to be given to
a learner (e.g., to use certain services, to join certain workgroups, to contact other users, to use certain tools,
to investigate sources of information, etc.).

The main technique that will be used to design the functionality for this component is a dynamic multi-agent
architecture in combination with different user modelling techniques. Agents are specialised, independent
software components that can collect information about the interaction of a user with a system and based on
that information build a model about certain aspects or characteristics of that user. Different agents are used
to build different models of different aspects of a users interaction with the Alfanet system. Heterogeneous
agents will be developed to combine all the information from the separate agents in order to adapt and
personalise the instructional interventions of the system with the learners. The topic: Intelligent agents and
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multi-agent architectures, further analyses these techniques and will provide information to further develop
the Corporate Lecturing System component. Studying the topic: User Modelling, will provide more
information of how the agents can build models about the different users aspects. The topic: Web Mining,
further investigates approaches for analysing the data that is gathered while the user interacts with the
system in order to provide information that allows the creation of user models. Studying the topics: Adaptive
Educational Systems and Approaches, Advanced Instructional Design Models, CSCL Environment and
Approaches, Web Access and Services Personalisation and Machine learning will provide information about
how on the basis of user models the instruction can be adapted to and personalized for a learner.

2.5 LMS support

The LMS support component manages four knowledge repositories that are used by the rest of the system.
The Content Repository (1) is the main repository. It includes all the components of the course to be lectured
by the Alfanet system. The repository is fed by the Authoring Tool and used by the LMS Corporate Lecturer
component and it can contain multiple courses. The Learner Profiles Library (2) contains the characteristics
of the learners represented in a model or profile. The contents of these models are continuously updated as
the learners interact with the Alfanet system. The information in the model is used by the LMS Corporate
Lecturer component to adapt the instruction to individual learners. The Control Knowledge Repository (3)
contains information about the interactions of the user with the system during the training; it keeps all the
user’s key actions and all the user session information. It is used to update the Learner Profiles Library and
also provides information to allow adaptation of the instruction to individual learners. Finally, the Presentation
Layouts Repository (4) includes a set of templates or layouts that can be customised to different user profiles
and that will provide a different presentation style adapted to users preferences.

The structure of the Content Repository is strongly related to standardisation efforts in the field of e-learning.
The topic: EML — Learning standard will provide information for structuring this repository. In the topic: User
modelling, current techniques to build user models will be studied to provide information for structuring the
Learner Profiles Library. The topics: Knowledge Management, Advanced instructional design models and
Adaptive educational systems and approaches will provide information to assess what types of presentation
layouts should be stored in the Presentation Layouts Repository. The topics: XML and related technologies
and Security Concepts will provide more general information about techniques for structuring and
maintaining the repositories and for making sure that the information is securely stored in the repositories.

ALFANET Active Learning for Adaptive Internet IST-2001-33288
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3. Outcomes of the evaluation of the related technologies

In the following sections the outcomes of the evaluations of the different technologies are summarised.

|3.1 appendix 1 E-learning platforms

3.1.1 Overview

This section describes the functionalities of e-learning platforms on the market. E-learning platforms or
learning management systems (LMS) are tools that offer possibilities to (re-)organize learning, teaching and
education. They allow for flexibility in delivery, but also in learning, in time and place. They should also make
it easier to differentiate didactical models and scenarios depending on users' preferences. There are many
definitions of e-learning platforms and thus many functionalities incorporated and covered by the systems. In
the appendix several definitions are described and expanded on. The platforms can have many features,
including distribution of content, tutoring, assessment, communication and administrative tasks. In the
appendix differences between tools are indicated and the most common functionalities are described and
discussed. In the context of Alfanet only those platforms are relevant that consist of at least content delivery
and tutoring facilities via internet technologies, combined with communication facilities and organizational
and administrative functions.

3.1.2 Conclusions for Alfanet

The usability of the described system depends on users' expectations and needs. As most universities and
higher education institutes are only starting in the field, most current systems seem to be ‘value for money’
for the specific area they market. Many of the systems incorporate the base functionalities and features
needed for the Alfanet LMS. None of the systems, except Edubox, model the didactics as well as the
content. However, none of the systems meets all criteria for Alfanet. Only the more complex e-learning
systems might be a starting point for the Alfanet LMS, but they would require extensive customisation.
Customisation is always risky. It can be very time consuming and expensive. It also makes the product very
dependent on specific versions of applications. When the Alfanet LMS is going to build on the basis of an
existing system, it might be wise to choose a system of which one or more of the partners of Alfanet has
extensive knowledge and in-house capabilities.

3.2 appendix2 CSCL environments and approaches

3.2.1 Overview

Current e-learning platforms support collaborative learning tasks, but they are not CSCL environments. Pure
CSCL environments exist mainly in research scenarios and are applied to a particular domain, where
collaboration dialogues are completely structured to a specific audience. E-learning platforms promote
collaboration by providing collaborative tools and a more open interaction to their users.

However, the CSCL field can be of help in specifying objectives and tasks regarding collaboration in broader
frameworks like web environments for e-learning. To clarify objectives and tasks a general framework for
designing CSCL environments, developed by OUNL, is introduced.

In this appendix the main features of CSCL systems and some systems already implemented in research
scenarios are described. To complement this view, e-learning systems that support collaboration are also
mentioned, such as BSCW and FLE3. In particular, a platform called ALF (Active Learning Framework),
which being developed at UNED, is described in more detail. This platform provides facilities for
collaborative learning and is related to issues that are the focus of Alfanet project, such as Adaptation and
Multiagent Systems.

3.2.2 Conclusions for Alfanet

CSCL is a vast field of research. Moreover, it can be used for other purposes than supporting collaboration,
such as for transmitting and delivering knowledge.
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The aim of the Alfanet Project is not to develop a CSCL platform, but to build a system that provides some
features related to CSCL. Therefore, ideas from CSCL can be taken into account when designing the system
for Alfanet. Whereas CSCL environments have a very ambitious approach regarding collaborative issues,
the Alfanet project has a broad approach which is intended to provide an interactive, adaptive and
personalised e-learning framework.

In this appendix we have mentioned some key points to be considered in the Alfanet design.

e To include synchronous and asynchronous tools to support communication, and shared workspaces
to promote collaboration

e Toinclude some method to structure the communication

e To collect learner interaction data and to create a model of interaction

e To provide collaborators with indicators that represent the state of the interaction
e To advise collaborators by recommending actions to improve their interaction

CSCL research field can be of help in specifying objectives and tasks regarding collaboration in broader
frameworks, like Web environments for e-learning. This technology is intended to solve the challenges of
collaborative scenarios, but the Web environment adds complexity to a traditional CSCL system.

In this sense, it can be very useful to consider OUNL methodology for designing CSCL environments. This
framework provides a model to define and describe the CSCL key elements that Alfanet should support. It
can be used as a starting-point for developing functionality for the Alfanet system, which is intended to
support a dynamic and adaptive collaboration framework. Therefore, it is desirable to start the development
of Alfanet taking as a basis an existing system that provides collaboration facilities.

3.3 appendix3 Adaptive educational systems and approaches

3.3.1 Overview

The purpose of educational systems in general is to provide learners with information and practice
opportunities to help them to reach certain learning goals, that is, to help learners to learn certain skills
and/or to increase their knowledge about a certain topic. Different learners might have different needs,
characteristics, prior knowledge, etc., which might require the presentation of different information to different
learners and/or in a different format. It is the purpose of adaptive educational systems to take these aspects
of individual learners into account when presenting information and/or practise opportunities in order to make
the learning process as effective, efficient, and motivating as possible. In this appendix a brief historical
overview is given of the research that eventually led to the development of adaptive educational systems.
Three examples of state of the art solutions for making educational systems adaptive are described.

3.3.2 Conclusions for Alfanet

From the viewpoint of developing Alfanet the most important requirements for an adaptive educational
approach are that it will allow for an adaptive presentation of instructional materials 1) that is effective, 2) that
is domain independent, 3) that allows for collaborative learning, and 4) that is web-based. Regarding the first
point no information is available about the effectiveness of adaptive educational systems compared to
traditional non-adaptive systems. Regarding point two it can be concluded that the approaches of all
systems are generally applicable in different domains. However, for TASKi and ELM ART Il courses will
have to be specifically developed in great detail. Only WEB-DL has functionality that allows for the
adaptation of contents that are not part of a purposely, pre-specified instructional design. With regard to
point three, none of the systems disallows collaborative learning. WEB-DL is the only system that specifically
addresses collaborative learning by providing advice on the use of collaborative services. With respect to
point four, ELM ART Il and WEB-DL are purposely developed for usage on the internet. Whether the TASKi
module can be used on the internet, depends on the implementation of the learning environment that TASKi
controls. No clear conclusions can be made for the use of the described approaches in Alfanet. None of the
approaches appears to have characteristics that would make it problematic to include it in Alfanet. Each of
the approaches have their specific advantages and disadvantages.
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3.4 appendix4 Advanced instructional design models

3.4.1 Overview

The main goal of any instructional design process is to construct a learning environment in order to provide
learners with the conditions that support desired learning processes. In this appendix four ID-models are
described that focus on the analysis of a to-be-trained skill in a process of job and task analysis and the
conversion into a training strategy, or the design of a learning environment (often taking the form of some
kind of blueprint) that is ready for production.

The models are compared against Merrill’'s (2002) First Principles of Instruction, which are design oriented,
fundamental instructional principles that apply under all conditions of learning but can be implemented by a
wide variety of programs and practices. Learning from a given instructional program will be facilitated in
direct proportion to the explicit implementation of first principles of instruction. Based on studies into the
effectiveness of many instructional programs, Merrill suggests that the most effective learning environments
are problem based and involve the students in four distinct phases of learning: (1) activation of prior
experiences, (2) demonstration of skills, (3) application of skills, and (4) integration of these skill into real-
world activities.

3.4.2 Conclusions for Alfanet

From the viewpoint of developing Alfanet the most important requirements for an ID model are that it will
allow for the creation of courses that 1) are effective, 2) are adaptable to learners, 3) allow for collaborative
learning, and 4) provide clear, complete and broadly applicable instructional design guidelines.

According to Merrill (2002), learning environments are effective if they are problem based and address the
first principles of instruction for each phase of the activation-demonstration-application-integration learning
cycle. Four ID models were discussed that incorporate many but not all first principles of instruction. A
combination and fusion of the: 4C/ID, GBS, and CPS models might be the basis for a highly effective set of
ID guidelines.

With respect to adaptability to learners, neither of the models appears to have aspects that would disallow
an adaptive instructional process. Of the four models only the 4C/ID model provides guidelines for how an
instructional program designed according to the model could be adapted to individual learners.

Collaborative learning is not a first principle of instruction and should therefore not be a starting point for
instructional design. There is a need for guidelines that state the conditions when collaborative learning is
useful and when it is not. Of the four models CPS provides the clearest guidelines for the design of
collaborative learning environments.

The 4C/ID model is a comprehensive instructional design model that provides clear guidelines and involves
all of Merril’s first principles. However, the model primarily focuses on the design of training for learning
complex cognitive skills, it does not address instructional design for learning a body of knowledge. A strong
point is that an authoring tool for developing 4C/ID training designs is being developed. Schank's GBS
primarily focuses on the design of learning by doing simulations. Nelson’s CPS solely focuses on the design
of collaborative learning environments. For the Alfanet system a combination and fusion of the models:
4C/ID, GBS and CPS appears to be a good basis for specifying instructional design guidelines that covers all
of the requirements of the Alfanet system with respect to instructional design.

3.5 appendix5 Web mining

3.5.1 Overview

Web mining is the use of data mining techniques to automatically discover and extract information from Web
documents and services. Web-mining tasks can be decomposed into resource finding (retrieving intended
web documents), information selection and pre-processing (from retrieved web resources), generalization
(discovering general patterns at web sites) and analysis (validation and/or interpretation of mined patterns).
Three Web mining categories can be distinguished, Web content mining, Web structure mining and Web
usage mining.

One of the key points of the system to be developed in the Alfanet Project is adaptation in the three
dimensions: Content Level Adaptation, Navigation Level Adaptation and Collaboration Level Adaptation. To
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achieve adaptation, as much information as possible about the user activity and behaviour has to be
collected and analysed by the system. Three web mining techniques can be distinguished: (1) Web Content
Mining, the process of extracting knowledge from the content of documents or their descriptions; (2) Web
Structure Mining, the process of inferring knowledge from the WorldWide Web organization and links
between references and referents in the Web; and (3) Web Usage Mining, the process of extracting
interesting patterns in web access logs.

3.5.2 Conclusions for Alfanet

Web mining techniques can be very useful for achieving several of the adaptation tasks proposed to be done
by the system:

o Free-text or semi-structured analysis can be very useful in order to retrieve information from news,
forum messages, etc. that can be used to learn the interests of each individual user, which will be
used for content and collaboration adaptation

e Link mining can give support for navigation adaptation tasks

¢ Information extracted from interactions of the users with the Web is also useful to construct the user
model used for adaptation.

Therefore, web content mining, web structure mining and web usage mining are techniques that could be
used in the Alfanet project, although a more detailed analysis is necessary to confirm its viability and utility in
the system.

Finally, it is important to know that the success depends on what and how much valid and reliable
knowledge one can discover from the large raw log data, and that for an effective web usage mining, an
important cleaning and data transformation step before analysis has to be done.

3.6 appendix6 Machine learning

3.6.1 Overview

Machine learning is concerned with developing computational theories of learning processes and building
machines that learn. To achieve dynamic adaptation in the system to be develop in Alfanet Project, machine
learning technologies have to be used since they can provide the dynamic adaptation desired, specially in
User Modeling and Multiagent Systems.

3.6.2 Conclusions for Alfanet

To achieve adaptation in the system to be developed it seems necessary to have dynamic user models that
adapt to the user’s interaction with the system [Garrido and Gea, 2001; Hoppe, 1995]. These adapted
models allow the system to provide the user with an adapted response to these models. Machine learning
techniques can be used for user modelling, and therefore, can be used in the development of aLFanet.

Nevertheless, the machine learning field is very rich in research and lots of theories exists. Time and effort
will be needed to spend in order to select the best technique to be used for each particular case.

The system to be developed will be used by wide and heterogeneous users, whose needs will be completely
different, and it is impossible to know beforehand which is the appropriate task in each case. The solution is
using machine learning techniques to combine different strategies.

Some learning tasks have already been implemented in the aLF platform, and can serve as the basis for
others to be performed by the system to be developed in aLFanet Project.

3.7 appendix7 User modelling

3.7.1 Overview

Adaptation is essential in any e-learning environment because its users have a wide variety of backgrounds,
interests, level of experience on the use of resources, etc. and they demand an environment that adapts to
each individual user needs. To carry out this adaptation a user model representing the user’'s knowledge
state, preferences and goals has to be constructed. The adaptation is done through user model acquisition
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from the user data available and from traces of interaction of that user with the system. Different kinds of
data have to be considered in order to build the user model: data about the user, data about the computer
usage and data about the user's hardware, software and physical environment. Different techniques to
acquire these data have to be employed, depending on the nature of each data. Two approaches can be
used in user modelling representation and inference, one based on knowledge representation that uses a
representation formalism and can perform reasoning tasks and the other one based on machine learning
techniques.

3.7.2 Conclusions for Alfanet

An overview of the two basic techniques that can be used in user modelling: knowledge representation and
machine learning is given. Both approaches lack important features and therefore a combined approach
seems to be the best choice. For the Alfanet system a hybrid approach is recommended for defining the user
model. This proposal has to be further investigated in order to confirm its viability, but anyway, we will point
out now some features that will have to be analysed:

o Explicit knowledge representation in the system to allow direct access to the user model and the use
by different learning processes.

¢ No domain-dependent knowledge in the system, only generic acquisition rules and some reasoning
based on the already acquired data to extend user model (the objective of aLFanet Project is self-
learning for work in any subject; therefore, no domain-dependent knowledge can be used).

o Observations about users’ behaviour should be coded in the available representation formalism and
used to form training examples.

e Incremental acquisition, taken into account past interactions using different weights depending on
the antiquity of each interaction.

e Learning components used to learn from interaction tasks so the user model holds the changing
needs.

e The learning results obtained by running the learning algorithms on the training examples should be
transformed into explicit assumptions.

e Heuristic acquisition methods for quick and dirty acquisition from a small number of observations
and short usage periods should be used.

e Model contents should be both behaviour-related and mentalistic
e Decision should be supported based on learning results and on the user model contents themselves

e All user models should be kept in the system, and machine learning techniques should be used for
group modeling by clustering user models into user group models. Collaborative-filtering can be
done to reduce the amount of time to construct a reliable model of user interests. Perhaps an initial
stereotyping could be done to provide some adaptation at the beginning, when the user is not known
yet.

3.8 appendix 8 Intelligent agents and multiagent architectures

3.8.1 Overview

Appendix 8, Intelligent agents and multi-agent architectures, gives an overview of what software agents and
multi-agents systems are, focusing on their application to education, mainly in terms of Intelligent Tutoring
Systems.

Multi-agent architectures have a great potential that can be used to solve many of the current problems of
web education oriented systems.

3.8.2 Conclusions for Alfanet
Multi-agent systems can be used to reach the adaptation and personalization in the platform.

In order to achieve good personalised and adaptive e-learning, the system could make use of
heterogeneous agents that combine the solutions learned with different biases corresponding to different
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machine learning methods. It is thus possible to apply different approaches to different tasks and clarify
which option is the most appropriate for each instance.

The flexibility and robustness obtained from multi-agent systems makes them suitable to be used in Web
environments. Multi-agent systems oriented to Web will be able to learn using machine learning tools and
could simulate an expert when making pedagogical tasks.

Based on the above considerations, multi-agent systems improve the system by doing it viable in opened
knowledge domains, where ITS were earlier applied with less success.

The use of machine learning tools is needed since the environment will evolve both with time and users. The
system will have to personalize the interactions with the users using these techniques.

3.9 appendix9 Web access and services personalization

3.9.1 Overview

Web Personalization is the technology of dynamically altering the presentation of a web site according to the
preferences of the user in order to build user loyalty and typically is used by web sites to filter or recommend
the content and navigation choices displayed to each user.

Personalization of Web Services is marketing oriented. In the educational environment creating customer
relations is not the goal, but efficient learning and tutoring. However, concepts and techniques described for
web services can be applied to an educational environment, since in both fields personalization involves the
process of gathering user information during interaction with the user which is then used to deliver
appropriate content and services. A set of rules for a useful personalization system design are given in the
appendix, which can be helpful when designing the Alfanet system.

3.9.2 Conclusions for Alfanet

Currently, most web services provide customization instead of personalization, with contents tailored for a
predefined audience. In a marketing environment customers do not need to be individually defined and it is
enough to determine target groups and what contents are appropriate for those groups. However, the
system we are to develop in aLFanet should adapt individually to each user, by real personalization.

The rules for designing useful web personalization systems given in this appendix should be taken into
account when designing the aLFanet system, specially the ones that refer to not annoying the user while
collecting the data and to give the user the last word when using the system. Privacy and information
protection, which is an issue of great importance in web access and service personalization, has to be also a
key point in aLFanet system. Moreover, the principle of share-and-connect is also applicable.

Mobile devices demand the use of an effective adaptive personalization due to their intrinsic constraints.
Requirements fulfilled by adaptive personalization in mobile devices should also be considered in the
aLFanet system.

Having in mind the rules for good designing of web personalization systems and the requirements for
adaptive personalization, the aLFanet system should, at least, take into account the following topics:

e Provide a good initial non-personalized experience and learn quickly, so users check the benefits of
adaptive personalization soon.

e Adapt quickly to changing needs of the users
e Collect and study all data that can be used to individually adapt the system to each user
¢ Do not require hand tagging on content with category labels

o Do not place resistance in front of personalization by forcing actions which are costly (in effort) to
users

e Allow the user to prove wrong system decisions
e Be able to recover from user’s wrong actions
o Never leave the user waiting for a personalized response

e Respect individual’s privacy
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3.10 appendix 10 EML - Learning standard

3.10.1 Overview

Current learning technology specifications allow only for some simple ordering and sequencing of resources
used in e-learning (e.g. SCORM, IMS Content Packaging, IMS Simple Sequencing). EML adds to this the
ability to integrate learning designs (‘instructional designs') to enable more advanced e-learning applications,
e.g. to model competency based education, portfolio's, collaborative learning and personalisation.

EML is a semantic specification, based on a pedagogical meta-model, which describes the structure and
processes in a 'unit of learning'. It aggregates learning objects with learning objectives, prerequisites,
learning activities, teaching activities and learning services in a workflow (or better 'learning flow'), which
itself is modelled according to a certain learning design.

The objective of Alfanet, to offer a highly adaptive, personalized learning experience including a variety of
pedagogical methods, requires the capability to model both structure and process. EML (including Edubox
c.f. section 3.1) can offer this capability.

3.10.2 Conclusions for Alfanet

The objective of Alfanet to offer a highly adaptive, personalized learning experience including a variety of
pedagogical methods requires the capability to model both structure and process. EML (including Edubox)
offers this capability and equally important in depth knowledge of EML is available and directly accessible,
so a quick start can easily be made. In other words EML is a logical candidate for inclusion in Alfanet.

To assure a successful inclusion a number of points have to be taken care of:

o All partners of Alfanet have to acquire the appropriate level of knowledge of EML. This ranges from
the basic knowledge of the language, to the design process of ‘units of learning’, to the technical
consequences to be able to fit EML in the proposed multi agent architecture.

o The relation of EML with other standards to be included have to be investigated, in particular in the
area of knowledge management and multi agent architectures, and the technical consequences
have to be documented.

Finally, it is important to notice that Alfanet, given its unique requirements and approach, can by using EML
contribute to the further development of standards by validating the current scope and/or proposing
extension(s) necessary for a multi-agent, adaptive approach. The required work to achieve this fits in WP3
‘Standards’.

3.11 appendix 11 Educational ontologies

3.11.1 Overview

In the past decade research efforts have been directed to the problem to unambiguously model educational
structure, content and processes.

However educational processes are now rapidly extending to open environments where materials, actors
and processes cannot be modelled completely in advance.

For example in cases where competencies have to be trained in realistic environments, based on
constructivist learning principles, more open learning structures are often needed.

This means that support is needed for a higher level of semantic typing of relevant objects in the study
processes.

Educational ontologies should facilitate the meta-modelling of the relevant entities in the educational
processes to:

o facilitate broader reuse;
e give access to content that is emerging in the actual study process;

e anticipate unexpected and unanticipated use;
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e adapt to changing learning-needs of the student;
e adapt assignments to changing conditions by defining assignments on a meta-level;

e give access to various data (personal and non-personal) for evaluation purposes to analyse learning
activities on a meta-level;

o facilitate automatic processing of separately developed materials;
o facilitate integrated analysis of separately modelled processes.

To fulfil these demands shared educational ontologies can help to create ‘networks of meaning’.

3.11.2 Conclusions for Alfanet
Educational ontologies are a very interesting field to study within the scope of the Alfanet project.

To build the intelligent tutoring systems of the future, knowledge at a meta-level of the different actors and
resources has to be available and intelligent agents are necessary to interpret meta-information by using
various inference mechanisms.

So:
e incorporate ontologies to describe materials, people and processes at a meta-level;

o differentiate when considering the incorporation of educational ontologies; do not consider
ontologies as a central design principle, but adopt ontologies in cases where the advantages are
obvious;

e develop software agents with various inference mechanisms that use meta-information to help
people and systems make use of all the relevant available information, both inside and outside the
educational system.

A critical point has to be taken into account as well: an open learning environment is a prerequisite for the
meaningful use of ontologies.

3.12 appendix 12 XML and related technologies

3.12.1 Overview

The evolution of information representation and use is currently based on XML standards. XML is an
innovative way to allow different environments to communicate and treat information in a standard and
structured way. XML technology also provides tools and languages to treat information and to show it. Due
to this, it is important to consider this technology as the base platform to develop any software that has
information organisation, treatment and communication as its targets.

On the other hand, it is important to consider data storage. For this reason it is necessary to study the XML
storage products and technologies.

3.12.2 Conclusions for Alfanet

The use of XML in Alfanet will allow to separate data content from presentation. The separation of both
aspects is very important. In those web applications where data and presentation are linked, the
maintenance of them is very complex. Any variation in the aspect of the application imply to recompile the
whole application and to modify lots of graphic elements.

In order to isolate the information structure and content from the visual presentation of these data we
propose the use of XML in Alfanet project. Besides, we will need XSLT transformation patterns that will be
applied to the data structure defined in XML. The output will be automatically generated in HTML, WML, ...
and sent to the client. With the use of these standards we will get more flexibility in our application, besides
more traceability, maintainability, change resistance, and provide to the whole application a homogeneous
aspect for all elements of the same type.

As a consequence of these data and presentation separation, it will be possible to reuse the modules in
charge of the data generation. Using different presentation templates for the same data set, Alfanet will be
able to:
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e Present the same content with different aspects, depending on the context where it will be presented
or depending on the user profile or preferences

e Provide service from the same application to different types of client devices (PC, telephone, ...). In
order to do that, it is necessary to include some routines in the server that will decide depending on
the type of connected client, and will apply different specialized templates.

e Provide compatibility and interchangability by the use of approved XML standards.

All these features guide us to the use of XML in Alfanet, and it would be very important to store the data in a
XML database. The XML database will avoid the transformation from raw data to XML and vice versa when
we have to access or store to the database.

In any case, it will be in a more advanced stage when this decision will be taken, but at the moment all works
are focused on this idea.

3.13 appendix 13 Knowledge management tools

3.13.1 Overview

E-learning systems consider as an important part of them knowledge management (knowledge tracking,
courses contents...). Alfanet is taking into account the existing standards about this field (KM), the common
features that the most important related tools provide and the possibility of future integration with these ones.

3.13.2 Conclusions for Alfanet

Some of the features of Knowledge Management are considered in the initial proposal of the Alfanet toolkit
in the Technical Annex. Collaboration is included as one of the main features of the Alfanet e-learning
platform. So the Alfanet consortium should evaluate the possibility of using some KM collaboration tools
within Alfanet system instead of building a new collaborative environment.

Another important issue to take into account is that it will be very useful that e-learning contents will be
stored in such a format, compliant with standards, that could be used by KM tools for content management.
In this way both e-learning platforms and KM tools could use the same contents.

The integration of the Alfanet platform with KM tools could provide the users with information and contents
available in distributed repositories outside the e-learning application. Other possible relationship of KM with
authoring tools is to help to capture tacit knowledge into explicit knowledge.

The integration of the Alfanet platform with HR tools which cover different aspects of the human resources
management, such as administration, succession planning, leadership development, competency
management and organizational charting, should also be considered as an Alfanet integration. This
integration could be achieved by XML communication.

3.14 appendix 14 Security concepts

3.14.1 Overview

It is very important, within any system that manages and stores any kind of information about people, to
control the access to the data. Personal data, preferences, knowledge, etc. are information that Alfanet uses
for working. On this way it is necessary to study the different technologies about security, and more exactly,
Internet security, considering within this field the data transmission, storage and privacy.

3.14.2 Conclusions for Alfanet
The findings about privacy reviewed here can contribute to the Alfanet project in a number of ways:

e The tradeoffs on interface design will be noted, and implementations of ‘unobtrusive’ interfaces
will be accessed and absorbed, where appropriate, into the prototype.

e User modelling privacy in Alfanet will benefit from compliance with P3P, and the design team may
also wish to develop a more detailed specification along the lines described within Cobricks
section.
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The technical requirements of Alfanet system security are anticipated high, since trust is a central aspect
between users as well as in the system. The state of the art in security technologies is sufficient for the
implementation of a security scheme for the Alfanet.

As technologies applicable to Alfanet, the following could be considered:
e Data Encryption (SSL — Secure Socket Layer, XML ciphered).

e User Authentication (Single sign-on for Alfanet users across all interfaces during runtime;
Username/Password protection for content at URL level)

e Authorisation of exchanges of information (ACL — Access Control List).

In an initial approach, these technologies are used to form different levels of security on profiles or parts
thereof for defined users or groups are envisioned. This means that special customisable rules could be
applicable for each profile to ensure privacy.

The consortium should take into account security and privacy aspects for achieving an open design that will
assure the future exploitation of the Alfanet toolkit.
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4. Final Conclusions

In this section the conclusions from the different appendices are integrated to provide answers to the original
questions that were set out at the beginning of this study, namely: 1) what are the existing components that
can be readily used within the Alfanet system, 2) what are the relevant technologies and approaches that
can be applied for the design of the Alfanet system, and 3) what are the relevant peripheral systems that the
Alfanet system should be able to interface with and/or standards that it should comply to. Possible answers
will be provided for each question by stating principles that the design of the system should adhere to. These
principles can serve as a starting point for discussions and decisions about the design of the architecture for
the Alfanet system. Please note that they should not be seen as final design decisions. The principles will be
listed for each of the three questions. For each principle it will be specified from which appendix it was
derived. For question 2 the principles will also be related to the main functional components of the basic
LMS architecture as described in chapter 2.

Existing components

e The Alfanet system incorporates and further builds on the Edubox E-learning platform (appendix 1)

e The Alfanet system incorporates and further builds on the aLF E-learning platform (appendix 2)

Relevant technologies

Authoring tool

e The authoring tool allows the development of content for problem based learning environments
taking into account the First principles of instruction (appendix 4).

o A fusion of the 4C/ID, GBS, and CPS instructional design approaches is used for the design
and specification of content.

e The general framework for designing CSCL environments developed by OUNL will be used as a
starting point for the development of functionality for the Alfanet system (appendix 2)

e As part of the authoring tool, facilities are available to mark resources for web-mining (appendix 5).

e As part of the authoring tool, facilities are available to mark resources for web-personalization
(appendix 9)

e As part of the authoring tool, facilities will be available to model resources and processes on a
meta—level in terms of DAML+OIL (appendix 11).

e The authoring tool allows the development of content according the EML standard for modelling the
structure and process of learning (appendix 10).

LMS Administration Facilities

o Models for the LMS administration facilities are described in meta-models before making the actual
data models and process descriptions, especially for data from interactions with objects outside the
LMS (appendix 11).

LMS Auditing Facilities

o Web mining tools are part of the LMS auditing facilities (appendix 5).

¢ Intelligent agents provide specific information for auditing, inferred form the user-model LMS support
component (appendix 8).

e Auditing facilities that gather information from outside the LMS are modelled on a meta-level before
modelling the actual interface between the LMS and the external systems (appendix 11).
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LMS Corporate Lecturing System

Intelligent multi-agents provide specific information according to user-needs and guidance inferred
form the user-model (appendix 8).

Intelligent multi-agents are central components of the LMS corporate Lecturing system to provide
specific information according to user-needs and guidance inferred form the user-model (appendix
8).

User models will be modelled in XML.
The LMS corporate lecturing system provides facilities for web-personalization (appendix 9).
The user-model and the content from outside the LMS are modelled on a meta-level (appendix 11).

Agents are available that can relate resources within the LMS to resources from outside, based on
meta-level descriptions (appendix 11).

An adaptive approach is used that adapts to a learners a) prior knowledge and skill, b) learning
capabilities, c) performance level/ knowledge state, d) interests, e) personal circumstance and f)
motivation (appendix 3)

o Aspects from various existing approaches will be combined to achieve this adaptive
functionality

The adaptive approach is based on a problem based learning environment (appendix 4).
Machine learning techniques are used to model a users learning process (appendix 6)

o The best machine learning based, modelling technique will be chosen in the architecture
phase of Alfanet.

The Alfanet system uses a hybrid approach (a combination of knowledge modelling and machine
learning) for defining user models (appendix 7).

The system’s reasoning with user model data for inferring adaptive measures will be done using:
deductive reasoning, inductive reasoning and analogical reasoning (appendix 7).

LMS Support

The repository of the LMS support component is easily accessible for web content mining, structure
mining and usage mining (appendix 5)

The repository of the LMS support component contains facilities to represent knowledge on a meta-
level (appendix 11).

Peripheral systems and standards

The Alfanet system should be opened to the integration with Knowledge Management Tools
following the current standards and techniques (appendix 13)

The Alfanet system adheres to XML and related technologies (appendix 12)
o Inthe design of Alfanet content and presentation are inherently separated.

o XML is used as the standard tool to describe content, XSL to express style sheets and XSLT
to describe the transformation patterns to the different outputs.

o XML content is stored in a XML database.
The Alfanet system adheres to Privacy and Security Concepts (appendix 14)

o Taking care of privacy of all the actors that use the LSM is an inherent design parameter,
based on a basic privacy Charta for Alfanet that will reflect the basic privacy demands and
regulations within the various cultures participating.

o The privacy commitments of Alfanet could be expressed using the P3P protocol.

o SSL is used as standard for encrypting data traffic over the Internet in the application points
where it is considered necessary.
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o Access control lists are inherently modelled in Alfanet to authorize access to resources.
o Users are placed in groups that reflect common security concerns.

e The Alfanet system adheres to the EML standard for modelling the structure and process of learning
(appendix 10).
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Appendix 1 E-learning platforms

A 1.1 Overview

The Internet offers possibilities to re-organize learning, teaching and education. It allows for flexibility in
delivery, but also in learning, in time and place. It should also be easier to differentiate didactical models and
scenarios depending on users' preferences. Many tools arose, claiming to fulfil these needs both in learning
as tutoring, as distance learning. These tools are generally referred to as electronic learning
environments/platforms or learning management systems (LMS). Many terms are used: virtual class room,
virtual learning environment (VLE), digital learning environment, electronic learning environment, computer-
based training (CBT), learning management system (LMS), course management system (CMS), content
management system (CMS), learning content management system (LCMS), etc. These platforms can have
many features, including distribution of content, tutoring, assessment, communication and administrative
tasks. It is a fast evolving market that sees an evolution towards more flexible systems (interchangeable
components) and towards integration of international standards like IMS. There is a lot of variation in the
definition of electronic/digital learning platforms. Sometimes merely the use of educational software is
considered to be an electronic learning platform. In the context of ALFANET only those platforms are
relevant that consist of at least content delivery and tutoring facilities via internet technologies, combined
with communication facilities and organizational and administrative functions.

Some tools arose following the changed vision on learning, which arose over the past few years. New
insights resulted in new pedagogics, like individual learning paths; constructive learning or competency
based learning, while differences in various styles of learning are acknowledged. Also developments in
society demand changes in education, which should be more flexible, use competency and be of constant
high quality. This has consequences for the learning process. The teacher will become more of a coach;
learning tools should be able to be used by students with different styles and at different levels. Actual time
of face-to-face education will decrease, therefore obtaining knowledge, building portfolio and cooperation will
become more important.

A distinction should be made between integrated systems and electronic learning environments, which
support only parts of the integrated system. The integrated system should provide in electronic/digital tools
for creation, management and distribution of learning material, learning design, tasks and assessments. It
should facilitate communication between students and between student and tutor. The system should also at
least be able to enroll students, to monitor progress and manage results.

There should be a clear definition of LMS. LMS, Learning Management System, used to refer to
administrative and organizational aspects. Nowadays a LMS tends to be an integrated system, which could
also provide course delivery. Sometimes there is made a distinction between LMS and de e-learning
environment.

ALFANET refers to a LMS as an integrated solution combining a learning environment with administrative
and content management functionalities.

Other definitions consider e-learning services to consist of infrastructure (communication, authentication,
registration, etc), and application architecture. The latter contains an e-learning environment geared to the
learning process and a learning management system for the administration. The content management
system, in which content is created, developed and maintained is not part of this.

Some definitions make a distinction between LCMS (learning content management system) for development
and management of content, including authoring tools, project management, repositories and version
control, electronic learning environment (also called VLE, virtual learning environment) for the student, and
LMS (learning management system) for administration of student data and progress, including portfolio and
competence management. Examples of administrative learning management systems are Docent, Saba,
Click2Learn, electronic learning environment cover Blackboard, WebCT, Fronter, Lotus LearningSpace,
examples of CMS are Netschool, Viviance, HarvestRoad. Most applications profile themselves in one of
these areas, but mostly combine aspects of other areas. Combination systems mainly combine the
administrative and e-learning system, or the e-learning system and the content management system. Saba
for example combines functionalities of all 3 areas, while Blackboard and WebCT are pure elearning
environments, although Blackboard is moving towards content management.

Another term encountered is ILS (integrated learning system). An ILS is a LMS with additional functionality
like authoring tools, content management, and knowledge management. In the Netherlands the term
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'teleleerplatform' is more and more used. The term is chosen to indicate that the integrated learning
environment should be an integrated system, consisting of the technical facilities (hardware, software,
infrastructure) needed to facilitate the interaction between the learning process, the communication needed
for the learning, and the organization of learning (Droste). This definition applies that a suitable system
should incorporate functionalities of all 3 major areas: LMS, LCMS and electronic learning environment.
Examples of systems that are used in the Netherlands are WebCT, TopClass, Lotus Learning Space,
Constructor, Koepel, Virtual Campus, Blackboard, Holo-E, TeleTop, and Edubox. Others are Docent,
Firstclass, Edubox, Ingenium, and N@TSCHOOL.

Not all systems support more traditional forms of education, so it might be important to consider this. This is
also referred to as ILT instructor led training.

Integrated systems like WebCT, TopClass, and Lotus Learning Space combine functionalities of content,
communication and organization in one system. However, there seems to be a trend to create system of
components, e.g. external test/assessment system, content databases, communication/collaboration
facilities, administrative systems etc are combined with the elearning platform (Docent, Ingenium, Edubox,
HOLO-E, TeleTOP).

Some platforms take the course as basis, others the organization. That is reflected in the roles that are
distinguished in the system and their rights. Most platforms that take the course as starting point do not
distinguish between tutor and course developer, thereby allowing the tutor much flexibility in layout, but also
assuming that the tutor will create material; e.g. WebCT, TopClass, Koepel, Constructor, TeleTop. Systems
that take the organization as basis are usually component-based (like Docent.com, Ingenium, Edubox, Holo-
E, and TeleTop). They have clearly defined and distinct roles. It is possible that content is developed outside
the system (Edubox, Docent, Ingenium). A third group is a hybrid of both functions (e.g. Holo-E, Blackboard,
and Learning Space). They have a more distinct role definition; provisions to work with larger numbers
(material and students) and have a database allowing content to be reused.

Most systems tend to lean more and more to the corporate market. Thus decreasing support for the higher
education market and increasing prices.

There is a wide range in functionalities offered by the different systems. Most systems used in universities
and higher education are relatively simple. They are used by teachers to complement classroom teaching.
These systems are Internet based, provide content over the web and provide communication facilities.
However, more and more the systems tend to evolve to larger, more complex ones. The systems seen in
large corporations and businesses tend to be more complex. These systems belong more to the 'knowledge
management tools' and tend to provide skill assessment. These systems are mainly used to enhance skills
of employees.

As Zeiberg states there can be varying business needs for a LMS. This can vary from simply automating the
training administration to enterprise wide deployment of learning. There are functional and non-functional
requirements of an LMS. Functional requirements cover: content management, curriculum management,
class scheduling, course delivery, competency management, assessment, testing, evaluation, compliance,
certification, accreditation, resource management, inventory management, finance management, content
authoring, system administration, reporting, definition of user role in LMS, user profiles, communication,
collaboration, etc. Non-functional requirements can be performance, user interface, business domains,
global access and functionality, application and database management, user and system documentation and
training, security and audit, flexibility and scalability. Then there are architecture and system requirements
like networking, hardware, software, operating system, and client workstation specifications. Requirements
of interoperability to comply with standards like SCORM, AICC, IEEE, IMS, and technical interoperability
(MAPI, OLE, TCP/IP, ODBC etc). Integration with other systems, e.g. ERP system, finances, communication
(e-mail, conferencing, news, listservers, etc) and other applications.

Most systems advertise their products as webbased servers that provide content, communication, delivery
and student enrolment. Some focus on additional areas like assignments, assessments, student
performance assessment, tracking and analysis, gradebooks, portal, re-use of content.

Systems that provide content authoring and management can include drag-and-drop features, sharable
media library, interactive course map, html editor, spell check, equation editor, search capabilities, batch
upload/download for authors, import and export of content either in the system's format or to other formats,
use or convert existing content.

Additional features mentioned are library and information access, annotation/markup, glossary help, study
skill building, access to newsgroupsl/listservers, automated table of contents and indexing, course search
engine, whiteboard, chat, conferencing, web search engine, timed and repeated quizzes and exercises, chat
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archiving, bookmarking, content templates, personal home pages, file sharing, student tracking, archiving,
backing up and replication of courses, course revision, online help, FAQ.

WebCT for example provide instructors with the possibilities to access, track, and analyze student
performance, in order to improve courses and seem to use datamining for this.

Personalized delivery is implemented in various ways, ranging from a customizable interface to education
based on portfolios. HOLO-E is developed from the vision to enable recent development in education like
individual learning paths, learning styles, competency-based learning, where the basis is the portfolio and
the student who controls his learning. Personalization is also applied by providing course schedules,
assignment tracking, course communications, grades, course specific news and support materials and
content delivery based on demonstrated and assessed proficiency.

Some systems are able to deliver the content to multiple media. This is mostly restricted to website, and
webpages on CD-ROM and DVD.

A customizable user-interface is important to enable student learning styles and enhance accessibility.

Another important features are reporting, assessment of student progression, grading and maintaining this
information in digital gradebooks or portfolios.

Possibility to create and assign roles is important not only for security reasons, but also to facilitate certain
pedagogical models.

Re-use of content is very important to allow efficient course building. To enable re-use the material should
be easily located, by adding metadata and use of a searchable repository. The content should be stored in
context-independent manner or should be easily adaptable to other contexts. This is referred to as re-usable
learning object by several systems (TKM Generation21, Cisco Virtuoso).

Architectures for the more complex systems are usually n-tier architectures, often based on Java. Most claim
to use industry standards, thereby ensuring interoperability and open platforms. Of course this is no
guarantee for interoperability. WebCT for example is a four-tier web application architecture, J2EE
compliant, using Oracle at the database layer, providing system server clustering, session fail-over and
database clustering. This optimizes performance and availability. Java API, IMS API, LDAP and Kerberos
support provide extensibility and security mechanisms.

In particular the American systems advertise their compliance with Section 508 of the Americans with
Disabilities Act, but accessibility is an important factor for all systems.

Use of and compliance with standards like XML, IMS, IEEE, AICC, SCORM may be important to ensure
interchangeability of content and exchange between organizations. Support for these standards still varies
among systems, but is increasing. Blackboard and WebCT participate in IMS.

Other features include a modular and open architecture, providing both a LCMS, LMS, and elearning
environment, collaboration, personalized delivery, information management, performance management,
simulation editor, auditing, support of industry standards, interoperation with other standards-compliant
learning products (AICC, SCORM, XML), integration with existing systems, improvement of business
performance, collaborative authoring, adaptive and personalized delivery, delivery in multiple formats, reuse
and re-package of content, webbased, multiple language support, customizable user-interface, role-based
security, AICC, SCORM, XML compliant, assess and enhance skill sets, blended learning, manage
performance, competencies, streaming audio and video, live interactive sessions, shared whiteboard, instant
messaging, personalized and adaptive delivery, adaptive learning based on pre-testing, dynamic studyplans,
post-assessment, personalized feedback, identify and communicate objectives, activities, performance,
create learning plans, link people to the content they need, track skills, collaborate, measure, competency
management, global commerce, student registration and tracking, records management, reporting for any
blend of delivery environment (self-paced, web, live interactive web, traditional courses and documentation),
multiple languages, individual and 360 assessment, competency levels, personalize learning plans, web-
based, real-time communication, collaboration, creating, managing, assembling delivering learning content,
subject matter experts, context-driven personalized delivery, learner feedback, assessments, contributions,
establish and communicate critical corporate goals, measure performance, common network platform,
internet technologies, XML, Java, centrally manage learning content on the internet, allows users to
assemble all types of digital media into a single course and publish into html, automate all business
functions: set and track business goals, assess performance, competence, plan, feedback, automate
processes in managing human capital resources, model current and desired state, key resources, key
competency gaps, exchange with providers, n-tier internet architecture, enterprise Java beans, Java server
pages, XML, XML.
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A 1.2 Solutions

A short description of some solutions is provided here. A more detailed description is given in the deliverable
of task 7.1 Initial market studies.

Saba: combines aspects of LMS in administrative sense, e-learning environment and content management
system.

Holo-E, based on Lotus Notes, custom interface, portfolio module

N@tschool, complies to Dutch market, geared towards content production and management, publishers'
niche

Saba, Docent, Smartforce, focus on administrative LMS, corporate e-learning
Blackboard, WebCT, focus on e-learning environment, higher education
Lotus Learning Space, higher education and corporate market

Topclass, initially administrative learning management and e-learning environment for higher education, now
also corporate and content management

Blackboard, leading market

A1.21 Edubox

Developer: Open Universiteit Nederland
URL: http://www.edubox.nl

General overview

There is a growing need for flexible education. New forms of blended and hybrid learning offered by dual
mode institutions, combining distance and conventional teaching, illustrate this. New educational concepts
guide and ICT facilitates these new forms of education. EML/Edubox is developed specifically to enable
blended and hybrid learning.

Edubox entails an innovative educational approach in an electronic environment. It comprises of a unique
system for management of education supported by advanced ICT. Edubox organizes both the educational
and learning processes as the development and maintenance of educational material.

Edubox is a flexible system. The basis for this flexibility is EML (Education Modelling Language). EML
provides the tool to developers to convert their educational and didactical ideas and views to digital learning
materials. Learning materials and activities are coded in EML. Once coded their value remains. Investments
in conversion are no longer needed. When using EML education is described in a platform independent
manner. Edubox can be linked to systems already in use, e.g. student administration, personnel
administration, financing.

Edubox provides freedom. Every didactical scenario can be described in EML, be it competence-based
education, collaborative learning, problem-based learning or a more traditional scenario. In addition, the
digital material can be adjusted for face to face education, distance teaching, dual education or combinations
thereof. The material can be delivered on paper, CD-ROM, via Internet or e-book. So, Edubox facilitates all
kinds of education, teaching and training.

Edubox is a complete electronic environment that assists guides and supports management, authors,
teachers and students, in educational, didactical and management aspects.

In Edubox the educational components consist of an accurate description of activities and content. Because
Edubox uses EML, the components can be described in a medium neutral way. Therefore it is easy to re-
use them in many manners, or exchange them with other institutions.

Edubox does not prescribe a didactical scenario. Every scenario can be modeled in EML. Edubox provides
additional options. Every piece of content or activity can be personalized or made available for specific
users. This means that education can be made to fit every user's needs and preferences.

Edubox utilizes all potentials of advanced information and communication technologies as a powerful means
to create a complete and flexible electronic learning environment. Edubox can represent virtual, simulated
multimedial realities in many ways. This is demonstrated in four areas: power, systems, personalized
'studyplace’, opportunity. Education can be created without being restricted by the 'real world'. Students are
placed in an authentic 'working situation', which stimulates active and dynamic solutions. Support and
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assessment can be integrated. Edubox supplies a powerful environment. Users can decide when to use the
learning environment. Time and place independent communication is possible via e-mail, listservers,
newsserver, video and audioconferencing. Edubox is used to create a learning environment personalized for
a user, based on their role in the environment, and a personal dossier/portfolio with preferences, existing
knowledge and skills and possibilities. Objective, content, method, order, navigation, presentation and
didactics can be personalized by designer, teacher or student. Edubox contains tools to support
collaboration between persons in the learning environment, e.g. to enable students to create a group-essay.

Edubox consists of multiple systems. There is an authoring environment in which authors, designers,
teachers, create learning material in EML. This material is maintained in a content management system to
facilitate re-use. The Edubox player plays EML files, so there is education. It can be delivered to various
media. The player can convert EML to webpages that are accessible via the Internet, or convert it e.g. to
printable media. The Edubox portal is the point of access for teachers, tutors and students. It contains the
personalized 'studyplace’. Edubox also provides tools to manage and administrate a large number of
complex processes, e.g. enrolment, run and publication management, etc.

Edubox provides the opportunity to meet the trends in education towards lifelong learning and competence
development. With Edubox the curriculum can be optimized to a coherent whole. Education can be provided
according to the users' needs. It can be accessed time and place independent. Knowledge and competence
are saved in a personal dossier. Educational components are saved digitally and medium neutrally in a
content management system. This allows efficient maintenance, re-use and integration.

Edubox creates a personal 'working place' on the Internet for teachers, tutors and students in web-based
education. This is the most visible part of Edubox. The author compiles the electronic work and study
environment. Therefore it contains only those functionalities needed by each of the roles. Layout and styling
can be changed to reflect housestyle. These environments are very dynamic. The environment is based on
the personal dossier/portfolio of a student or a group of students. Edubox supports the creation and
maintenance of these dossiers. The dossiers contain existing knowledge, skills, preferences and situational
factors. A personal education tract is constructed based on this profile. Edubox delivers the corresponding
education, based on student data, teacher and study materials. Student reports, essays and assessments
are stored in the personal dossier. Changes in the dossier may lead to changes in the education.

Teachers design and structure the education in the electronic learning environment. On their personal
desktop they have access to the authoring environment with all instruments needed to code the education in
EML. EML is platform independent and does not add layout and styling aspects. Therefore all kinds of
didactics can be structured in EML. The material receives an identification number and is stored in a
database. This allows easy re-use of materials. It facilitates design of education fit to the users' needs. It can
be delivered to any medium or mix of media.

Tutors support a student or group of students in the electronic learning environment. So, they have access
to the course or module that they support, and to the same facilities as the students. Of course, tutors find
here all facilities to communicate with the students. In addition Edubox provides information about students'
progress and indicates how often they have visited the learning environment. Tutors can add additional
information, provide tips and hints, or make students aware of new developments. The tutoring environment
is specified in EML and is personalized, so tutors see what they need at a particular moment in time,
depending on their role in the learning process.

Students follow personalized education in the electronic learning environment. They have access to the
learning material, as specified in their curriculum, from their 'studyplace’. Studyplaces can differ amongst
students in the same course. Students can see, e.g. intake instruments, activities, assignments, resources,
etc. There are a couple of standard facilities to communicate with teachers or fellow student, ask for help, or
collaborate.

Communication between students and tutors and between students is possible via built-in functions in the
Edubox player, via the Edubox portal, or by linking to external communication facilities, like e-mail and
(a)synchronous conferencing tool. EML specifies when to use what facility under which conditions.

EML offers many possibilities in modeling education, not only content but also didactics, which is usually not
provided in the other electronic learning systems. Unique is the creation of dossiers and use of portfolios.
Several types of interactions can be used. It is possible to create a specific tutoring environment. EML offers
high potential in meeting needs of digital learning environments.

Edubox offers tool to manage courses, staff, learners, and roles.
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Every educational institution has several organizational and administrative (legacy) systems to store e.g.
student progress and personal data. These systems also provide crucial information for organizing the
necessary processes. These systems can be linked with Edubox.

EML/Edubox is platform independent. Edubox is based on standards and common practice technologies,
like the W3C recommendations (webdesign, accessibility, html, XML, XHTML, soap, XSL etc), and others
like SQL, TCP/IP, http, IMS, IEEE, etc. Its architecture is modular and components-based. This allows
exchange of modules, for example the authoring environment, content management system.

EML is accepted as basis for the Learning Design Working Group of IMS for developing a learning design
standard.

ALFANET innovative features

EML/Edubox allows not only for modeling of education content, but also didactics. Edubox can play any
didactics modeled in EML. EML/Edubox delivers personalized education. Pre-assessment is used to
determine what building blocks are required to acquire the necessary skills and knowledge. Edubox is
unique in creating personal dossiers and the use of portfolios. Edubox allows different environments
(belonging to the same course) for students, teachers and tutors. The environment only displays those
components that are relevant to the role of the user in the system. Communication and collaboration
facilities are present. All material, content and didactics, laid down in EML is medium neutral and can be
delivered to several media or mix of media. Re-use of material is easy. The user interface and language of
the Edubox player is easily adaptable and can be changed to suit user preferences. Edubox can provide
integration with existing backoffice applications. Edubox architecture is based on components, and is not
dependent on a specific authoring environment, specific databases or webservers. Edubox server and client
are platform independent. Edubox uses standards and is based on commonly accepted technologies and
best practices. EML is the basis for the Learning Design standard being developed by IMS. EML is an XML
application.

Edubox can be used as an important building block for Alfanet. Edubox enables the support of prespecified
adaptive features. Alfanet can extend this by offering a multi-agent approach to learner adaptation
dependent from the users’ interaction with the system. Integration both approaches will help to keep the
focus of the Alfanet project to its main challenge i.e. the educational and technical design and development
of the agents and their validation in practice.

A1.2.2 Blackboard 5
Developer: Blackboard Inc, USA
URL: http://www.blackboard.com

License: Commercial, but educational licenses can be available for example via CHEST in the UK and
Surfdiensten in the Netherlands (levels 1 and 2 only).

Product overview
Current version is release 5.5

The Blackboard e-Education Enterprise suite comprises the Blackboard Learning System ™ the Blackboard
Community Portal and Blackboard Transaction System.

The platform claims to be highly interoperable and customizable with its Blackboard Building Blocks
architecture.

The Blackboard Learning System is a webbased server platform that offers course management and allows
for integration with student information systems.

It is available in three levels. The first level encompasses the course manager. This is the basic version,
most suitable for an organization that is exploring its use. The portal manager is added in the next level. A
portal function is added which allows every user access to specific services depending on his profile. The
last level is an extended version of the previous. It offers possibilities for integration with external systems.
These have to be tailor-made.

It seems to be a user-friendly tool, in particular for authors and teachers/tutors. In particular authors and
tutors just starting in e-learning can make content available in a relatively simple manner. The design is via
existing buttons. Content is made available via pre-designed structures. Adding new material is easy,
changes in content and design only in limited fashion. Support for creation of tests and question is offered.

Blackboard is involved in IMS.
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ALFANET innovative features
There are few possibilities to define and specify roles. Personalization is not possible.
The teacher/tutor environment is fixed, can not be adjusted.

Content can be made available, but Blackboard does not provide an authoring tool, or integration with
authoring tools. Content is course specific. When content is used in several courses, the content needs to be
uploaded as many times.

There is no student tracking, nor possibilities for automatic adaptive learning.
Blackboard does not offer any tools for didactic design.

There are no repository functions like version control.

Course management, scheduling and planning is minimal, course tracking is absent.
Communication facilities are available, but are limited in function.

There is no multilingual interface. Only limited adaptations of the interface are possible.

Although Blackboard claims to be standards compliant, only subsets of standards are implemented at this
stage. The test generator is not QT compliant.

Several Blackboard customers indicate a poor customer support and high prices, but agree that it is easy to
use and is a good tool to use in combination with regular education.

A 1.2.3 Cisco Learning System Virtuoso

Developer: CLI Cisco Learning Institute, a non-profit organization founded by Cisco Systems Inc, but now
operating independently from Cisco Systems Inc. USA

URL: http://www.ciscolearning.org

License: CLI intends to make Virtuoso™ available to organizations within its charitable class at little or no
cost, under a licensing agreement. When the Solution is ready for distribution, any person or enterprise may
license Virtuoso™ from CLI by paying fair market value for their use. CLI is currently developing its detailed
plans for making Virtuoso™ available to licensees both within and outside its charity class.

CLI Virtuoso includes course authoring, course delivery (webbased), and course management (learner
enrolment, tracking, and assessment) environments. It offers personalized learning experience, and
provides a customized, on-demand curriculum, based on learner needs and requirements. It addresses
specific learning goals using objects and assessment items. Evaluation of the learner's knowledge and skill
before embarking on a course enables a personalized curriculum.

This evaluation is based on information from Cisco Learning Institute and UNICON. No other references
could be found.

It is not clear yet, whether the product is available. Cisco Systems Inc uses it for its Cisco Networking
Academy Program.

UNICON INC develops the delivery engine, CLI Virtuoso.

CLI Virtuoso consist of course authoring, course delivery and course management. The course authoring
system provides content management and an authoring tool. It allows for creation of new content and
organizing and manipulation of existing content. Many media types are supported. There is version
management of graphic media. Metadata can be added. User and access rights can be set. Several
assessment types can be created. Courses can be delivered based on learner profiles. Personalized
feedback is provided during the course. Performance levels can be set. Every content page contains a
section with additional information. Assessments are dynamically rendered. Look and feel can be adjusted
by the use of themes or templates. Content and assessments can be imported from external authoring
systems. There is automatic content delivery from the course creation to course delivery. A course portal
provides links to course content for current enrolments, assessments, grade book, personalized curriculum,
and instructor's website. The course management system is used by tutors/teachers to set or change
assessment variables. It also stores results in a 'grade book'. The grade book is available both to student
and teacher, and records progress and grades. Students get an overview of all their courses. A simple file
format allows importing of external records and management systems. The system provides three roles,
administrator, instructor and learner. After authentication, access to resources is based on role.
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ALFANET innovative features

Editing of existing content. Courses based on learner profiles. Additional information can be added to every
page. Grade book.

A 1.2.4 Generation21 Learning Systems

Developer: Generation21 Learning Systems, wholly owned subsidiary of Renaissance Learning, Inc. USA
URL: http://www.gen21.com

License: Commercial, possible only in USA

This is a paper review, mostly based on information from the Generation21 website.

Started in aerospace industry as a knowledge management system. Now it claims to be "one solution for
training, knowledge management, and learning management" ("TKM"). It relies on taking accurate
information to employees in an efficient manner, whenever it is applicable. It uses a single-source demand-
based knowledge database. There is also a TKM for school districts, used for training of staff and tutors.

It is a system that allows course developers to re-use information, accelerate learning, and provide on-
demand performance support, based on Dynamic Learning Objects technology. Dynamic learning objects
can be re-used. Changed to dynamic learning objects are immediately reflected in all courses where the
object is being used. Intake tests allow users to study only relevant parts. Course development is based on
common templates to ensure one common look and feel. It is possible to publish to web, print and CD-ROM.
Users can search the database for additional information about the topic. There are LMS functionalities like
scheduling, registration, tracking, gradebooks, reporting. Communication is available as e-mail, chat and
forums.

Features depend on level of system used, LMS Professional, LMS Enterprise, CMS Enterprise or TKM.
Intake assessment and library are add-ons to these systems.

The system is available for Linux, Solaris and Windows SQL. It requires a webserver, a database server and
development server. Oracle 8i or MS SQL server 2000 are required. Users need an Internet connection with
either IE5.0 or Netscape 4.7 or greater.

The TKM system use XML to define course structure and sequence. It claims to comply with the AICC
communication protocols and SCORM. Generation21 participates in the IEEE computer-based training
standards committee.

Learning objects should have a defined learning goal, content needed to achieve the outcome, associated
media or material, measures to assess whether outcome has been achieved. Dynamic learning objects must
be able to be used in whole or part on demand, must be able to be modified on demand, must be able to be
used in conjunction with each other in an infinite variety of combinations and on demand.

ALFANET innovative features

Course based on intake. Re-use.

A 1.2.5 LearningSpace
Developer: IBM/Lotus

URL: http://www.lotus.com/home.nsf/welcome/learnspace/

License: Commercial

LearningSpace is part of an innovative family of services and technologies designed to make e-learning in
organizations. It covers both one group and entire company training. The LearningSpace family of products
includes LearningSpace Forum, and the LearningSpace 5 Core and Collaboration.

e |t supports the delivery and tracking of online self-paced learning content. Self-paced courses can be
highly structured with controlled paths and prerequisite assessments, providing flexible learner access
designed to suit individual learning needs. This can be extended with collaborative learning capabilities
that enable learners and instructors to work and learn together using discussion databases or real-time
virtual classrooms.

LearningSpace provides a Web-based interface for delivering to a worldwide audience.

LearningSpace includes management capabilities.
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The entire e-learning program can be monitored, gaining detailed insights on learner progress

Events -- such as changes in learner enroliment status or course availability -- can trigger delivery of
messages to administrators, instructors, and learners.

LearningSpace lets tutors create a wide range of assessments from a browser including tests, surveys, and
quizzes (using new questions or by drawing on a question bank). Online quizzes include true/false, yes/no,
multiple choice, fill-in-the-blank, and short answers all aimed at assessing learner progress and course
effectiveness. LearningSpace lets use a built-in assessment tool, or choose to use any AICC-compliant
authoring tool.

LearningSpace is designed to support a number of existing standards, AICC recommendations for tracking
and compatibility between content and the learning platform.

LearningSpace offers full support of the API adaptor specification of the Sharable Content Object Reference
Model (SCORM).

LearningSpace products are in line with the IMS specifications focused on the development for e-learning.

The collaborative delivery features of LearningSpace are driven by Lotus Sametime technology, which takes
advantage of open standards (e.g., H.323 and T.120) enabling real-time sharing of information and
communication. H.323 is the ITU-T standard for sending voice (audio) and video using IP on the Internet and
within intranets.

Lotus LearningSpace has a documented extensibility architecture based on a Java APl. The API can be
used to integrate LearningSpace with back-end systems such as HR databases, ERP, and e-commerce
systems.

LearningSpace can also be part of your overall Lotus Knowledge Management solution, enabling to link e-
learning with Knowledge Management. For example, LearningSpace courses can be integrated into the
Lotus K-station knowledge portal.

ALFANET innovative features

No ALFANET innovative (adaptive presentation & navigation, adaptive collaboration, EML standard-
compliant, self-assessment, pedagogical methods) feature has been detected in LearningSpace.

A 1.2.6 TopClass e-Learning Suite
Developer: WBT Systems

URL: http://www.wbtsystems.com/

License: Commercial

TopClass e-Learning Suite is a web-based training, authoring, delivery and management. It provides
personalized coursework for each student; online authoring based on open HTML standards, secure
collaboration tools, and auto testing capabilities. Functionalities are can be extended by using additional
modules. TopClass offers e-learning content management and assembly, personalized content delivery,
learner collaboration, learner tracking and assessment, web-based training administration, and database
administration. It supports conversion of existing learning content to the web, and its unique Learning Object
architecture. It enables businesses to provide employees with a single access point to all their training
needs. It also allows blended delivery with any combination of on-line self-study and instructor led training
including virtual classroom and other materials. TopClass LMS provides catalog and registration
functionality, including wait-listing and workflow approval management. The core of TopClass LMS is a
catalog that allows learners to find all the learning material in the enterprise from one central source.

TopClass Competencies manages an organization's skills and competencies inventory, and assess
resource allocation, while users themselves can identify skill gaps and map training programs specific to
their competency shortfalls.

TopClass Mobile enables offline delivery for users without a network connection. TopClass Mobile also
facilitates the deployment of content on CD-ROM and DVD. TopClass Mobile also allows course developers
a convenient alternative for previewing and evaluating TopClass.

TopClass Publisher is a desktop application for complete web-based course content publishing. It enables
conversion of existing content and course assembly.

TopClass Virtual Classrooms provides integration with e-learning providers.
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TopClass XML Toolkit integrates TopClass with your existing business systems such as Peoplesoft or SAP.

TopClass provides a browser-based interface. This interface is available simultaneously in multiple
languages

TopClass complies with the leading industry standards, including AICC, SCORM, IMS, HTML, and XML.
ALFANET innovative features

Through its comprehensive testing and assessment engine, TopClass LCMS dynamically creates
personalized learning paths for each learner on the fly. Allow learners to adjust the format of their courses to
the way they learn best. Re-use of Learning Objects to construct multiple similar versions of courses. Track
and assess learners. Customize the user interface for each user.

A 1.2.7 Pyxis KMS
Developer: Pyxis Edu
URL: http://www.pyxisedu.com/

License: Commercial

Pyxis KMS provides a personalized learning platform with a set of tools: KMS Enterprise Edition, LCM Tool,
Desktop Course player, Offline course builder, Offline assessment builder, Performance analyzer, Virtual
classroom. Pyxis KMS empowers collaboration and knowledge sharing between individuals and knowledge
experts through chat rooms threaded discussions, emails, and document sharing. Pyxis Virtual Classroom is
a teaching and learning environment, which supports collaborative learning among learners.

Pyxis KMS LCM is a learning Content Management Tool. It is standards-based system, including a learning
object repository that allows users to search, share, reassemble and store content and learning objects in a
central location. Learning objects are reusable units of content. Pyxis KMS LCM can import standards-based
learning content and specialized content.

Pyxis Edu Offline Assessment offers a comprehensive solution for an efficient design and execution of
evaluation procedures.

Pyxis KMS provides support to learning standards of AICC, SCORM, and IMS.

Pyxis KMS provides an API that allows the integration of external applications such as HRMS, Financials,
ERP and CRM platforms.

ALFANET innovative features

Personalized user interface at each level of the system. Pyxis KMS LCM is tightly integrated with Pyxis KMS
to automatically and proactively deliver appropriate, personalized content to users based on in-depth profile
information. LCM improves knowledge retention and performance by disseminating the right content to
learners by tracking results down to the individual questions within a test and document level tracking.

Design and develop the right course curriculum that achieves tangible results.

A 1.3 Assessment

A 1.3.1 Situation and prognosis

There are many systems about; ranging from simple web based course software, to communication
applications to full-fledged knowledge management systems. Most available information and even reviews
are descriptive, just mention whether a functionality exists, but not how it is implemented, or how well it
operates. Presence of functionality is not sufficient, user expectations determine whether it is suitable. A
tutor might only want some communication facilities added to his classroom teaching. Most systems provide
some form of communication, but it might be more appropriate to use a dedicated communication
application instead of a full elearning system as indicated by Cook.

All systems advertise themselves to be innovative and offer new possibilities. They all seem to claim that it is
important to use ICT in education and of course that their system is the only one in its kind. However it is
very difficult to find any information about theories and technologies underlying the product. Some
information about architecture is given, but no more than for example an n-tier application allowing
integration with third-party applications.
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Hardly any of the systems prescribe structure for the content. On the contrary, most just use any content
which can be rendered by a webbrowser. This might make it difficult to re-use material, unless metadata is
added according to specific formats and keywords from specified ontologies are used.

There is hardly any information about which didactical methods and models are used by the various system.
Many are based implicitly based on a didactical model, others might allow some additional scenario's, like
problem based education, or addition of assessment.

Systems that claim to provide personalization hardly present any information about which methods are used
to attain this personalization. Personalization often is no more than an adjustable interface.

The same applies to adaptive education. Here also hardly information is available about underlying theories
and technologies. One system that did specify how it applies adaptive learning is Aspen Enterprise, which
uses pre-testing as a form of adaptive learning.

It is hard to discover any information about which technologies are used by the systems. Of course all have
‘electronic delivery', are Internet based, have some kind of repository, etc. However details are usually not
provided. Some claim to be based on internet technologies, others to use 'industry standards'.

Presence of APIs merely indicates the possibilities for interoperability, not the ease of customization.

Although all systems seem to stress the importance of content, or emphasize how easy it is for authors to
create content in their system, didactics is not mentioned at all. Hardly any of the LMS provide information
which pedagogical model is used in their system, if any, nor if other systems can be used. Although some
provide a planning, design and/or structuring tool to organize content. Some mention the addition of
assessment and communication to content as enrichments of the pedagogical model.

Nevertheless, all systems seem to be evolving towards integration of open industry standards and learning
standards as IMS, AICC, SCORM, and IEEE.

A 1.3.2 Conclusions for ALFANET

The usability of the described system depend on user's expectations and needs. As most universities and
higher education institutes are only starting in the field, most current systems seem to be value for money for
the specific area they market. Many of the systems incorporate the base functionalities and features needed
for the ALFANET LMS. None of the systems, except Edubox, model the didactics as well as the content.
However, none of the systems meets all criteria for ALFANET. Only the more complex e-learning systems
might be a starting point for the ALFANET LMS, but they would require extensive customization.
Customization is always risky. It can be very time consuming and expensive. It also makes the product very
dependent on specific versions of applications. When the ALFANET LMS is going to build on the basis of an
existing system, it might be wise to choose a system of which one or more of the partners of ALFANET has
extensive knowledge and in-house capabilities.
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Appendix 2 CSCL Environments and Approaches

Scope: Approaches and E-learning platforms facilitating CSCL, e-learning communities, ...
Responsible: UNED
Contributing: OUNL

A 2.1 Overview

Current e-learning platforms support collaborative learning tasks, but they are not CSCL environments. Pure
CSCL environments exist mainly in research scenarios and are applied to a particular domain, where
collaboration dialogues are completely structured to a specific audience. E-learning platforms promote
collaboration by providing collaborative tools and a more open interaction to their users.

However, CSCL field can be of help in specifying objectives and tasks regarding collaboration in broader
frameworks like web environments for e-learning. To clarify objectives and tasks, we introduce a
methodology developed by OUNL, a general framework for designing CSCL environments.

In this appendix the main features of CSCL systems and some systems already implemented in research
scenarios are described. To complement this view, e-learning systems that support collaboration are also
mentioned, such as BSCW and FLES3. In particular, a platform called ALF (Active Learning Framework),
which is being developed at UNED, is described in deeper detail. This platform provides facilities for
collaborative learning and is related to issues that are the focus of Alfanet project, such as Adaptation and
Multiagent Systems.

A 2.1.1 Definition

Computer-Supported Collaborative Learning (CSCL) is focused on how collaborative learning supported by
technology can enhance peer interaction and work in groups, and how collaboration and technology facilitate
sharing and distributing of knowledge and expertise among community members. Partly, the inspiration for
CSCL arose from the research on Computer-Supported Cooperative Work (CSCW). There have been
different interpretations and suggestions for the second “C” of the acronym such as, collective, coordinated,
co-operative, and collaborative, that finally seem to take more acceptation [Lakkala, 2001].

Collaborative learning has been promoted in general for a variety of reasons over many years. The
Constructivism educational theory was introduced by Piaget and after reinforced with the Vigotsky's work on
Social Constructivism and the John Dewey's liberal educational views [Boden, 1979; Vigotsky, 1978; Dewey-
Center, 2002].

Thus successful learning is regarded as [Michaelson, 1999]:
e an active process
¢ one in which the learner constructs meaning and systems of meaning
o areflective activity - in which 'hands on' processes inform 'mental’ ones

e a social activity - learning takes place through discussion and interaction with others, not just on a
one-to-one basis with a student and information

e context dependent
e often requiring a long period for assimilation
e heavily dependent on motivation

A CSCL system provides different tools to support communication. There are two interaction modes:
Asynchronous interaction refers to communication with arbitrary delay, such as E-mail, News groups,
HyperNews, HyperMail, Shared Workspaces, etc. Synchronous interaction refers to communication which
takes place at the same time, including text-based applications such as Chat, Instant Messenger and
Whiteboard software, phone calls and video conferences.
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The integration and combination of different tools within the same technological environment provide mutual
enrichment. Both synchronous and asynchronous communication have specific features and by combining
them, educational activities can have a higher impact.

A 2.1.2 Classification Framework

Jermann, Soller and Muehlenbrock [Jermann et al., 2001] review systems that support the management of
collaborative interaction, and propose a classification framework built on a simple model of coaching. Some
of the more relevant issues are the following.

Collaboration management follows a simple homeostatic process that continuously compares the state of
interaction with a target configuration. Actions are taken whenever a perturbation arises, in order to bring the
system back to equilibrium.

Systems that support collaboration generally adopt one of the following approaches:

o The first approach, structures the situation in which the collaboration takes place. Learning
situations can be structured by requiring the students to use a set of structured software tools,
structuring the group itself or structuring the task. These factors may encourage group members to
engage in certain types of interaction such as argumentation or peer tutoring via external means.

e The second approach involves structuring the collaboration itself through coaching or self regulation.
As the collaboration progresses, the state of interaction is evaluated with respect to a desired state,
and remedial actions may be proposed to reduce discrepancies between these states. Structuring
and coaching are not exclusive approaches, as structuring interaction might take place during
interaction as a remedial action.

Two approaches to guiding learning interaction can also be distinguished:

e In the first case, the system gathers data about the students’ interaction, and shows some
visualization of this information to the user, possibly aside information about what an ideal
interaction might look like. It is then up to the students or teacher to interpret the visualization and
decide what actions (if any) to take.

¢ In the second case, the model of interaction and the system’s assessment of the current state is
hidden from the students. The system uses this information to make decisions about how to
moderate the group.

Fundamentally, these two paradigms are the same, in that first data is collected, then a model of interaction
is constructed and instantiated to represent the current state, and possibly the desired state, and finally,
some decisions are made about how to proceed. The difference between these two approaches lies in the
locus of processing. Systems that collect interaction data and construct visualizations of these data place the
focus of processing at the user level, whereas systems that advise process this information directly.

The benefits of coaching student interaction (via human or computer) are clear, given a correct diagnosis
and appropriate remedial actions. Students who view and analyse indicator values may learn to understand
and improve their own interaction. Students might, however, lack the understanding to interpret the
visualizations correctly, leading them to take unnecessary actions. Without the time and understanding to
develop their own models of interaction, students may naturally rely on implicit social norms (status, equality)
to manage the interaction. Collaborative learners, guided by indicator displays, may need to follow a more
introspective process to develop an understanding of their interaction than when they are guided by an
advisor.

The framework distinguishes between three types of supportive collaborative learning systems.

e Systems that reflect actions, termed mirroring systems, collect raw data in log files, and display it to
the collaborators.

e Systems that monitor the state of interaction, termed metacognitive tools, model the state of
interaction and provide collaborators with visualizations that can be used to self-diagnose the
interaction. These visualizations typically include a set of indicators that represent the state of the
interaction, possibly alongside a set of desired values for those indicators.

e Finally, coaching or advising systems guide the collaborators by recommending actions students
might take to improve their interaction.
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A 21.3 Design Recommendations for CSCL

Strijpbos and Martens [2001a] describe a model with guidelines to classify CSCL in terms of pedagogy design
for face-to-face, as well as, for computer supported learning environments, identifying the key elements for a
process-based classification of computer supported groups for educational purposes.

In this framework, group-based learning can be differentiated along three dimensions closely related to
group interaction and performance. Each dimension refers to a key element for group-based learning
design: level of pre-structuring (high or low level), type of learning objectives (open versus closed skills) and
task type (well-structured tasks with limited solutions versus ill-structured tasks) [Strijpos and Martens,
2001b].

Apart from these three key elements, two additional elements can be identified that appear essential for the
design of group-based learning: group size and type of computer support. Group performance effectiveness
depends, as size increases, on the one hand on the groups’ use of increased resources and alternate
opinions and on the other hand on the handling of increased co-ordination and group management
processes [Shaw, 1981; Saavedra, Earley, & Van Dyne, 1993].

A distinction between modes of communication can also be made [Rafaeli and Sudweeks, 1997]: one-way
communication (or Asymmetrical interaction), two-way communication (or Reactive interaction), interactive
communication (Reciprocal interaction) and networked communication (or Networked interaction).

A fifth element for group-based learning design is the chosen type of computer support for education. Crook
[1998] distinguishes three categories: interaction with computers (individual student interaction with a
computer), interaction at computers (a group of students interacting with a computer) and interaction through
computers (interaction between group members via computers).

In general, group-based learning design should start with a clarification of the design, or more specifically,
whether the combination of chosen ‘learning objectives’, ‘task-type’, ‘level of pre-structuring interaction’,
group size and the type of ‘computer support’, will elicit the type of interaction envisioned.

Six steps can be identified for group-based learning design [Strijbos and Martens, 2001a]:
1) Determine the learning objectives
2) Determine the envisioned interaction
3) Select the task-type with respect to the learning objectives
4) Determine whether and how much interaction will be pre-structured in advance
5) Determine which group size is best suited with respect to choices already made
6) Determine how computer support can be deployed best to support learning.

However, a set of design rules that will guide designers to the most optimal combination of elements in a
group-based learning setting is at this moment a bridge too far. Designers can only be assisted in ‘thinking
through’ their design. A tentative evaluation schema has been proposed by the OUNL research team
[Strijbos and Martens, 2001a]. The object of this scheme is to provide support in designing and assessing
group-based learning through explicit reasoning about the combination of key elements and the extent to
which that combination facilitates the actual occurrence of the envisioned group interaction.

A 21.4 Current Trends
The current research on CSCL on Europe [Lakkala, 2001] says that:

e |t is focused on: technical design principles and their educational implications, the nature of
processes of communication, collaborative inquiry and knowledge building in network based
environments, motivation, engagement and participation, as well as the role of the teacher or tutor.

e Face-to-face collaboration is combined with collaboration that takes place in a network-based
learning environment within the classroom.

e Collaborative technologies are shown to enhance student motivation, self-reflection, working with
complex problems, and promote collaboration between learners.

e There are, also, strong cultural constraints on the level of teachers and, indeed, the learners
themselves.
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A 2.2 Solutions

After introducing some research systems of current literature, we include some samples of commercial web
systems with special relevance in supporting CSCL. Next, we describe in detail ALF, as example of an e-
learning platform that support collaborative work and has been developed by UNED. This platform provides
facilities for collaborative learning and is related to issues that are the focus of Alfanet project, such as
Adaptation and Multiagent Systems.

A 221 Research Systems

The study of Jermann [Jermann et al., 01] provides a summary of systems that support collaborative
learning, classified according to their structure.

Some systems that monitor the state of interaction are:

e HabiPro [Vizcaino, Contreras, Favela and Prieto, 2000] is a collaborative programming environment
that both displays the students’ participation statistics, and models more complex interaction
variables. The system includes a group model, and an interaction model, which includes a set of
“patterns” describing possible characteristics of group interaction (e.g. the group prefers to look at
the solution without seeing an explanation). During the collaborative activity, the group model
compares the current state of interaction to these patterns and proposes actions (such as
withholding solutions until the students have tried the problem).

e EPSILON [Soller and Lesgold, 2000] monitors group members’ communication patterns and
problem solving actions in order to identify situations in which students effectively share new
knowledge with their peers while solving object-oriented design problems. First, the system logs
data describing the students’ speech acts (e.g. Request Opinion, Suggest, Apologize) and actions
(e.g. Student 3 created a new class). In the second phase, the system collects examples of effective
and ineffective knowledge sharing, and constructs two Hidden Markov Models which describe the
students’ interaction in these two cases. A knowledge sharing example is considered effective if one
or more students learn the newly shared knowledge (as shown by a difference in pre-post test
performance), and ineffective otherwise. In the third phase, the system dynamically assesses a
group’s interaction in the context of the constructed models, and determines if the students need
mediation.

Two systems that offer advice are:

e Barros and Verdejo’s [2000, 2001] asynchronous newsgroup-style system, DEGREE, requires users
to select the type of contribution (e.g. proposal, question, or comment) from a list each time they add
to the discussion, identifying the social aspects of interaction. The system’s model of interaction is
constructed using high-level attributes such as cooperation and creativity (derived from the
contribution types mentioned above), as well as low-level attributes such as the mean number of
contributions. Next, the system rates the collaboration between pairs of students along four
dimensions: initiative, creativity, elaboration, and conformity. These attributes, along with others
such as the length of contributions, factor into a fuzzy inference procedure that rates students’
collaboration on a scale from “awful” to “very good”. The advisor in DEGREE elaborates on the
attribute values, and offers students tips on improving their interaction.

e GRACILE [Ayala and Yano, 1998] is an agent-based system designed to help students learn
Japanese. The system maintains user models for each of the students, and forms beliefs about
potential group learning opportunities. Group learning opportunities are defined as those that
promote the creation of zones of proximal development [Vygotsky, 1978], enabling a student to
extend his/her potential development level. GRACILE’s agents assess the progress of individual
learners, propose new learning tasks based on the learning needs of the group, and cooperate to
maximize the number of situations in which students may effectively learn from one another.

A 222 Web-based Commercial Systems
BSCW - (Basic Support for Cooperative Work) [GMD, 2002]

The BSCW Shared Workspace System is an Internet /World Wide Web (WWW) based groupware system. It
is an extension of a standard Web server through the server CGI Application Programming Interface. The
central metaphor of the system is the shared workspace. A BSCW server (Web server with the BSCW
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extension) manages a number of shared workspaces, i.e., repositories for shared information, accessible to
members of a group using a simple user name and password scheme.

This system is analysed in more detail in D72 - Market Analysis
FLE3

Fle3 [Fle3, 2002] is a web-based learning environment, designed to support learner and group centered
work that concentrates on creating and developing expressions of knowledge (i.e. knowledge artefacts). We
consider specially interesting the system dialogue structure as well as their compatibility with EML.

Fle3 contains three learning tools and several administration tools.

Fle3 WebTops can be used by teachers and students to store different items (documents, files, links,
knowledge building notes) related to their studies, organize them to folders and share them with others.
WebTop also includes shared "course folder" for each course. The same shared "course folder" is available
in the Knowledge Building and Jamming tools as well. The items in the WebTops can be called learning
objects - if you wish.

With Fle3 Knowledge Building tool groups may carry out knowledge building dialogues, theory building and
debates by storing their thoughts into a shared database. In the Knowledge Building study group may use
Knowledge Types to scaffold and structure their dialogues. The Knowledge Type sets are fully editable and
one may export and import them from one Fle3 to another. Fle3 comes with two default Knowledge Type
sets: (1) Progressive Inquiry, and (2) Design Thinking.

Fle3 Jamming tool is a shared space for collaborative construction of digital artefacts (pictures, text, audio,
video). A study group may work together with some digital artefacts by simply uploading and downloading
files. Versions are tracked automatically and different versions are displayed graphically. Jamming can be
used for many kind of collaborative work requiring versioning.

For teachers and administrators Fle3 offers tools to manage users and courses / study projects. The
administrator may also export and import courses or the fully content of the Fle3 database in XML format
(compatible with the Educational Modelling Language - EML).

A 2.2.3 alLF: a web-based collaborative framework

Platforms should provide the necessary services that allow users to communicate with one another and
share information. Merely focusing on the information in the web logs wil just provide with information on the
pages accessed, but it will not give information about the interactions with the rest of the system.
Consequently, in order to obtain this additional information, the platforms must fulfil the following
requirements [Gaudioso and Boticario, 2002b]:

¢ Information should be stored on the user’s actions with any system service

o Related to the previous point, user data should be accessible, for example, personal data,
responses to surveys, configuration data (permits on personal files, group membership, ...)

e This information should be stored in the most structured possible way to facilitate the subsequent
data preprocessing

Therefore, in order to achieve adaptation tasks regarding collaboration, it is necessary to have certain user
interaction data that provide more information than web logs. In the beginning, the main problems within the
web-based adaptive systems was data gathering on users. However, nowadays, more and more systems
are able to monitor user actions and record complete user interactions. But if a system gathers a great
amount of data, its performance might be adversely affected. Thus it is important to determine which data is
really necessary to provide a good adaptation of the user without slowing down the system [Gaudioso and
Boticario, 2002b]. A platform that integrates both the data gathering and an access and efficient
management of the usual Internet communication and collaboration resources is aLF [Boticario, Gaudioso
and Catalina, 2001], which is describe next.

A2231 ALF

aLF (active Learning Framework) is a platform that has been developed at UNED in order to support the
requirements for collaborative work [Gaudioso and Boticario, 2002a]. The platform builds upon the ArsDigita
Community System [ACS, 2002], a multiplatform and open source set of tools for constructing web-based
applications. aLF is composed of a Web server connected to a relational database and a set of TCL (Too/
Command Language) scripts allowing management of the interaction with the data model.
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The first important feature of aLF is using a relational database to manage the information provided by the
web server. This information is usually managed directly through the filesystem tools provided by the
operating system. Although this approach can provide adequate functionality for static sites, it is neither
flexible nor reliable enough when it has to manage large amounts of transactions. In a collaborative
environment like aLF, there is a huge stream of information flowing between users and through the site.
These sites are very dynamic since users are regularly interacting in a variety of ways, such as sending
messages to the bulletin boards, organizing interactive meetings or publishing materials. Accordingly, the
relational database component of aLF provides support for these requirements. This database does not only
store the user personal information and the contents they send, but also serves to structure potentially
everything that is happening in the site.

Another key feature of aLF is that it offers different views based on user navigation and actions through the
site. All kinds of information on users can thus be gathered with TCL scripting language. The scripts can
interface with the database so that this information can be easily stored and retrieved on demand. TCL
scripts can also contribute to maintaining a dynamic environment, since they enable web pages to be
dynamically constructed and this process can make use of the database information if required.

aLF services

To benefit from the features provided by aLF, users have to register. Users registered on aLF are grouped
into workgroups (see Figure 1). The administration of each workgroup is done by the person in charge who
may not be the web site manager. The setting up of these kind of workgroups is particularly useful for
distance learning since it allows different university departments, courses, study groups and research groups
to be managed.
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Fig. 1. aLF course workgroup

aLF workgroups offer several services thus allowing a learning and collaborative environment to be easily
set up:
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Fig. 2. An example of newsgroups pages

o Newsgroups: They can be reached via HTML pages (see Figure 2), automatically index the
messages by categories defined by the manager or establish a notification system so users are
automatically informed about new replies. They can be moderated or unmoderated. They are very
useful in an educational community because they permit communication between students and
lecturers.

e Bulletin boards: With this service aLF users can create news for the rest of the community
members without having to use electronic mail. The author of the news item or message can control
the date of publication of the news, its expiry date and even the group of people for whom it is
intended. It is particularly useful since the rest of the workgroup members can comment on the news
item and group interaction is thereby enhanced (see Figure 3).
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Fig. 3. An example of an aLF bulletin board

e Document management: A user can manage all his/her documents on line by having them in a
central place and accessible to all those users that he/she desires. The system has a permission
management service so that each document can be read, modified or managed by a particular user,
by a series of users or by a whole workgroup. These users can access from anywhere with a
browser to see, update or delete their files. Furthermore, we can know the history of the document
and thus see who has worked on it and the date when the changes were made. This is particularly
useful since it enables development in workgroups suggested by the lecturer; with this version
control it is possible to see which student has worked on which part, how they have worked
together, etc. (see Figure 4).

e Chats: Internet group work is useful particularly from an asynchronous point of view, i.e., when the
different collaborators do not coincide at the same time when they do their work. Sometimes
distance and the feeling of isolation can be counterproductive. With the chat tool small group chats
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can be organized, thereby avoiding the problem of overcrowded chats which make the service
unintelligible. The advantage of this service in aLF, as well as gaining access via the HTML pages,
is that all the conversations are recorded so that the lecturer can select relevant information from
his/her conversation with the students and thus avoid repetition. Key chat issues can be transferred
to the forum.
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Fig. 4. Document Management in an aLF workgroup

e Calendar: There are private calendars for each of the users, group calendars and a public calendar
for all the aLF communities. The most commonly used service is the fixing of appointments within
the workgroup.

e Presentations: They allow, by just completing forms, to prepare an instant presentation for the Web
which is quickly downloaded. There is therefore no need to send files to the server. They have
automatic indexes and all the necessary links for navigation support. They are really useful for
teaching since they allow both lecturers and students to specify certain contents on a few screens,
each screen being a HTML page. They also have a further advantage because you do not need to
know the web format to edit the screen with a pleasant and navigable visual structure.

e Project management: It allows certain project tasks to be created. For each task, project or tasks
assignments can be created which become the responsibility of the task owner. These assignments
can be different types (error, improvement or new task), have different levels of severity (critical,
serious, medium or low) and states (open, need clarification, fixed waiting approval, deferred or
closed). From the point of view of distance learning, the usefulness of a project management tool as
presented here is obvious. We can create projects for certain student workgroups and tasks for
these projects, so that students work in their corresponding area as they receive assignments, either
from their lecturer or their fellow students. The group members can check their work on a list where
all the group member tasks are described, as well as progress reports on each one of them. Each
project can have forums, project marks and a task and assignment monitoring system, thereby
creating a user-friendly project knowledge base which can be consulted and accessed from the web.

e Tools to contact the other users: There are a set of different tools enabling users to publish their
own personal pages, to see which users are connected at the same time, to see which users are
already in the community and what their participation is. This utility promotes the use of the chat tool.

It is important to point out that aLF manages all these services through the database. Information about the
messages sent to a forum or a bulletin board, the task assignments (tickets) sent to the project management
tool, the appointments on the calendar, the annotations to a particular news item on the board or the
conversation in a chat are stored in the database, so a great amount of information on user interaction with
the platform is available.

A2232 An aLF course experience

We will now describe an experience of a distance course being taught through aLF. The goal of this course
was precisely to teach the use of the Internet in education.
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We set up a group in aLF for the students on the course; this group had a bulletin board, news service, chat,
file-storage area and a personal web-pages storage area where the students could publish their own web
pages.

Regarding the conceptual organization of the contents, it was based on the proposal made by Roger Schank
in the ASK system [Schank and Cleary, 1995]. The course concepts were organized as a conceptual
network where each node was a course concept for the student to learn and the arcs represented certain
links between concepts such as, prerrequisite, consequence, example or exercise. These links were
presented by several questions or options that the student could choose (see Figure 5 and 6).

As we have mentioned before, the whole goal of the course was to teach the use of the Internet in education
for lecturers. It started by introducing basic concepts about the Internet and its services. It then taught a
possible organization of the courses using these services.

The course also had certain general subgoals that the student may attain, such as Basis of the course,
Fundamentals of the Internet, Use of the Internet in education and Practices.

The course contents were represented by a set of HTML pages, each one corresponding to one concept in
the course conceptual network. This conceptual network, the goals of the course, and other elements are
represented by an XML page that the system may interpret to construct the student knowledge model.

Internet . ot
Foundations ntroduction

Internet Docent
Organisation

Use of
Internet
Resources

Example 2

Fig. 5. Partial conceptual network of the course contents

For each student on the course, the system stores a model of the contents that the student has already
learned. For this course the system assumes that a student has learned a concept if he/she has successfully
done a test or has simply visited the pages related to the concept.

First we presented the students with a survey in order to evaluate how familiar they were with educational
software or the Internet. In most cases the students were in turn lecturers interested in the use of the
Internet in education, and on the whole, they had little experience in the use of computers and Internet
services. However, as the course proceeded we realised that we had a very hetereogenous group of
students.
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Fig. 6. Course page resulting from the conceptual network of Figure 5

Consequently, the course lecturers had to closely monitor the students on the course. They solved (on
demand) the difficulties that arose. The lecturers proposed several activities (such as sending a message to
the bulletin board) in order to guide the students more closely.

Although there was also the possibility of contacting the lecturers by phone or face-to-face, the main
channels of communication were the course bulletin boards and electronic mail. The lecturer also visited the
chat room established for the course to detect if the students had difficulties in the course.

We have also discovered that students do not collaborate among themselves except when they use the
chats and send personal e-mails. If this lack of collaboration could have been foreseen, lecturers could have
suggested scenarios or tasks where students were encouraged to interact.

These problems could have been avoided if the system had detected student difficulties, such as problems
in the use of the course services and student similarities. Then lecturers could have been informed of these
problems right from the very beginning and they could have set up subgroups of students with similar
characteristics, needs and interests. The system could also automatically do this.

Thus our proposal for a personalized environment is based on a cooperative tutorization scheme. In this
scheme the lecturer, besides solving the doubts of the students in a personalized way, is responsible for
improving collaboration between the group components.

A 2.3 Assessment

A 2.3.1 Conclusions for Alfanet

CSCL is a vast field of research. Moreover, it can be used for other purposes than supporting collaboration,
such as for transmitting and delivering knowledge.

The aim of the system to be developed in Alfanet Project is not a particular CSCL platform, but has to
provide some features related to CSCL. Therefore, ideas from CSCL can be taken into account when
designing the system for Alfanet. CSCL environments have a very ambitious approach, regarding just
collaborative issues, whereas Alfanet project has a broad approach which is intended to provide an
interactive, adaptive and personalised e-learning framework.

In this appendix we have mentioned some key points to be considered in the Alfanet design.

e Toinclude synchronous and asynchronous tools to support communication, and shared workspaces
to promote collaboration

e To include some method to structure the communication
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o To collect learner interaction data and to create a model of interaction
o To provide collaborators with indicators that represent the state of the interaction
e To advise collaborators by recommending actions to improve their interaction

CSCL research field can be of help in specifying objectives and tasks regarding collaboration in broader
frameworks, like Web environments for e-learning. This technology is intended to solve the challenges of
collaborative scenarios, but the Web environment adds complexity to a traditional CSCL system.

In this sense, it can be very useful to consider OUNL methodology for designing CSCL environments. This
framework provides a model to define and describe the CSCL key elements that Alfanet should support. It
can be used as a starting-point for developing functionality for the Alfanet system, which is intended to
support a dynamic and adaptive collaboration framework. Therefore, it is desirable to start the development
of Alfanet taking as a basis an existing system that provides collaboration facilities.
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Appendix 3 Adaptive educational systems and approaches

A 3.1 Introduction

The purpose of educational systems in general is to provide information to learners to help them to reach
certain learning goals, that is, to help learners to learn certain skills and/or to increase their knowledge about
a certain topic. The term information is used here in its broadest sense, so it also includes more directive
information like tasks to perform, feedback, assignments, questions, etc. Different learners might have
different needs, characteristics, prior knowledge, etc., which might require the presentation of different
information to different learners or in a different format. It is the purpose of adaptive educational systems to
take these aspects of individual learners into account when presenting information in order to make the
learning process as effective, efficient, and motivating as possible.

In the next section we will first provide a brief historical overview of the research that lead to the
development of adaptive educational systems. Next we will describe three examples of state of the art
solutions for making educational systems adaptive. Finally we will discuss the consequences for the Alfanet
system.

A 3.2 Historical Overview

A 3.2.1 CAIl: Computer Aided Instruction

The use of computers for educative purposes started in the 50’s, with systems used for training and
practicing. These systems were no more than an evolution of books, using traditional teaching methods to
teach the contents already structured, plus some representation assistance. No flexibility neither dynamism
existed, and therefore the contents could not be modified on the fly. The systems took advantage of teachers
experience to advance the behaviour of the program, but it has been proved impossible to design a program
that encode all the possible decisions to be taken.

A 3.2.2 ITS: Intelligent Tutoring Systems

ITS are the first systems that use Artificial Intelligence techniques to build educational systems. There is no
difference with CAl regarding teaching methods nor learning philosophy, since the tutor controls the system
and the student learns through short questions. However, the knowledge and reasoning of the human tutor
is represented in the system, and as a consequence, ITS can instruct in a more detail way that CAl systems.
There exist two new elements in ITS, the student model, that is, what the system supposes the student has
learnt, and the pedagogical model, the knowledge to manage the learning process, with rules encoding the
experience regarding the tutoring process itself. This allows a one-to-one tutoring. The system selects the
task and problems to be done by the student, and decides when the student has to provide some kind of
feedback.

The core of the ITS is an expert system that has enough knowledge about a particular area to provide ideal
answers to questions and correct not only the final result, but also each reasoning step to the final result.
This allows to model the correct way to solve a problem and therefore it is possible to monitor the student
while solving the problem. When a student makes a mistake, the ITS tells the student how the expert system
would have performed in that step. CAl systems used the question as the minimal unit, but ITS use each
individual reasoning step, so a more detailed feedback is achieved, which leads to a better diagnosis of
errors, and therefore a faster learning.

The developers of ITS believe that a competent tutor is in a better position to take decisions about what the
student needs to learn effectively than the student him/herself. The system knows the contents the student
must learn and the particular status of the student knowledge at any time through the expert system and the
student model. Therefore, the student is provided with a limited number of choices, being the software the
one that selects the next task to be done, gives assistance to the student, asks for feedback and decides the
nature of the information provided.

These systems have only succeeded in areas where it is easy to analyse all the possible tasks to be done
and the possible errors to be made. Their limitations are due to poor pedagogical components and that there
is only one teaching/learning model; the systems do not get all the practical knowledge of the expert, they
have only been built to develop a task, not to teach or explain the subject.
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A 3.2.3 ILE: Interactive Learning Environments

These systems use a constructivist approach rather than the behavioural approach used in ITS. This means
that the intelligence does not rely on the tutor who acts to guarantee that what the student learns
corresponds to the expert model, but these systems provide tools to encourage students enquiry without an
external control. Students do not follow an organized sequence of exercises and practices, but they build
their own knowledge. The difficulties of these systems are that the process of acquiring the knowledge is
rather inefficient and that it is very difficult to define the learning goals.

A 3.2.4 LAS: Learning apprentice systems

Learning apprentice systems are programs that help build rule-based expert systems semi-automatically by
generalizing the training examples provided by the users. They provide a very flexible way to acquire new
knowledge and overcome the problem of knowledge acquisition bottle-neck faced by many expert systems.
One of the major advantages of LAS is in helping the system to gain autonomy.

A very comprehensive definition of LAS is given by Mitchell: "We define learning apprentice systems as the
class of interactive knowledge based consultants that directly assimilate new knowledge by observing and
analysing the problem solving steps contributed by their users through their normal use of the system"
(Mitchell, 1985).

A prototype of learning apprentice is CAP (Dent, Boticario, McDermott, Mitchell, and Zabowski, 1992) which
acts as a personal assistant for managing the meeting calendar of a university faculty member.

A 3.2.5 Hypermedia Systems

Hypermedia systems came up in the late 80’s and allowed to develop complex environments oriented to
content. The learning was contextualised, that is, the computer became to be used as a communication tool
to relate students with real contexts. Hypertext is a way to organize non-lineal information, connecting nodes
with links in an associative way, that can be obtained interactively by browsing. These systems are
information systems that facilitate the retrieval of information, and can be used for learning if they are design
to reach some specific learning goal and its achievement is assessed. The main features are their high
interactivity, the use of large data bases and multimedia information and the knowledge representation
similar to the human mind. However, the simple exploration is not a learning goal, and sometimes a guided
learning is needed.

A 3.2.6 Collaborative Learning Systems

They became really useful when computers were connected to networks and were used for collaborative
learning. As a consequence, some issues were taken into account, such as user modelling, adaptive
interfaces, learning through the web and courses and contents standardization. These systems provide
collaboration recommendations by comparing the actions taken in the shared space with those in the private
one according to some predefined rules. A student model is needed to monitor his/her interaction, but also a
group model is needed to monitor the actions done together with the other students. There are three kinds of
these systems: those that only show the actions done in log files, those that monitor the state of the
interaction, by comparing it with an ideal model, and those that analyse the state of the collaboration, giving
advise to improve the learning.

A 3.2.7 Internet and Teaching/Learning Interactive Systems

Internet provides new facilities and learning methods, since information is independent of time and place,
and therefore, an unlimited nu