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Abstract

CSCW and MOO environments have played an important role in CSCL research.  These multi-user community-ware frameworks enhance social interactions and shared experience and thus enabling new CSCL research. We however find some limitations in existing platforms: technology limitations and a lack of solid collaborative services. We present ANTS: a collaborative framework that aims to provide a solid foundation for CSCL applications. In one side, the framework is constructed on top of cutting-edge technologies like J2EE (EJB, JSP, Servlets), Notification services (Elvin, JMS) and XML. In the other side, ANTS provides solid CSCW services that make the system robust and extensible. We also present a concrete ANTS extension: JLE, a collaborative learning environment including services like course management, assessment management, collaboration, progress tracking and tutorware.

Introduction

In the last decade, the educational setting has invested an enormous amount of energy and resources to the design of computer-mediated learning environments. However, despite the optimistic view that computers would change the nature of the learning process most environments have mapped traditional schemes to the new medium.

Whereas most learning environments have included support for the Teacher Centered and Learner Centered designs, few of them include powerful mechanisms enabling Group-Centered design and collaborative learning.  In Group Centered design, learning is achieved through constructivism, and collaboration between peers. In this model, shared interaction is a key factor in order to enable shared knowledge construction through shared formation and socialization.  

In fact, all distance learning environments are now considering the importance of collaboration between students and providing each day more powerful tools. We do really believe that a complete educational infrastructure should provide different pedagogical models and CSCL must be strongly supported in these environments.

In this context, CSCL researchers have coped with strong limitations in collaboration support within classic learning environments. Due to this lack of support for distributed collaborative learning processes, CSCL practitioners have moved to pure CSCW environments like BSCW or have experienced with community-ware multi-user environments like MOOs or MUDs.  

In pure CSCW environments like BSCW, collaboration capabilities are considerably enhanced augmenting communication paths between learning participants. Furthermore these CSCW frameworks provide interesting concepts like synchronous and asynchronous interaction, awareness and persistence. As such, BSCW workspaces have constituted a suitable environment for CSCL experiences. Nevertheless, these CSCW platforms have failed to provide a generic CSCL framework due to technology problems or lack of extension mechanisms.

MOO systems represent a very interesting field of research and have attracted many CSCL educational activities and work. MUDs represent a world of interconnected rooms, populated by active objects and avatars representing users.  As virtual worlds, MUDs have encountered and solved many of the technical and social problems of how to immerse users, structure virtual communities and manage communities.

These MOO systems represent an excellent research field for CSCL because of new possibilities in interaction, social involvement and constructivism. In fact, the classic LambdaMOO have been indeed adapted for educational purposes in several virtual campuses around the World.  As such, [7] Virtual Campus or Tappedin [8] have successfully adapted LambdaOO to integrate it with WebCT, and they have improved its capabilities with web-based interfaces, 3d graphics, tools and monitoring systems. 

Nevertheless, existing MOO systems have strong limitations that impede their adoption as a flexible and generic CSCL framework. In one side, there exist strong technology limitations in these environments. As stated in [TAPPEDIN] traditional MOO systems are single-threaded, non-distributed environments, which means that they cannot scale up to handle arbitrarily large virtual communities.  If monitoring systems or Web-interfaces are added, the system behaves even worse. As we will explain, being a complex multi-user distributed problem, a more advanced technology layer is mandatory.

In the other side, MOO systems can learn from powerful collaborative services traditionally included in CSCW platforms. Our model tries to solve both problems, in one side it is based on a strong technology layer (J2EE), by the other hand it combines ideas and services from CSCW and MOO environments to create a solid CSCL infrastructure.

In this paper, we present ANTS: a collaborative framework that aims to provide a solid foundation for CSCL applications. In section 2 we trace the design evolution of the online learning environment JLE towards the current ANTS platform, in section three we explain the overall architecture of the ANTS system.  In section four we present the new JLE 2.0 constructed as an ANTS extension: a collaborative learning environment including services like course management, assessment management, collaboration, progress tracking and tutorware. Finally, we draw interesting conclusions and future trends for the ANTS framework.

2. JLE: Tracing the design evolution of the ANTS system

JLE is a technological environment for the application of virtual training, both by attending classes and by distance learning through the Internet. It reproduces a virtual training environment and provides content publishing and authoring tools  (didactic materials, exercises, exams), assessment modules, communication systems (Chat, Electronic Mail, Discussion lists), and progress tracking applications. It is a modular system and is adaptable to educational needs, either in schools or Universities or in a business context. JLE is based on the technical standards established by IMS (Instructional Management System).

The IMS project was created with the intention of defining a specification for the development of the Internet’s potential as a training tool. IMS brings academic, commercial and government organizations together so that they work together to achieve a common goal. This goal is to adopt the specifications, which allow the educational content and the learning environment shared by various authors to work together. Now international standards committees like IEEE mainly drive the standardization process in the educational setting.

Being the IMS specification non-prescriptive --precludes orienting the technical support toward any one pedagogical style or teaching method. -- Most implementations and DLEs do not embrace cooperative learning and lack appropriate CSCW frameworks and tools. Nevertheless, all vendors are reconsidering their initial view and are incorporating each day more powerful CSCW tools in order to enable collaboration. The need for supporting rich interactions and exchanges is viewed now as an essential aspect of the learning process.   Even self-directed learning programs have some type of interaction between the learner and the body of knowledge or skill sets the learner is trying to acquire.  In the workplace, where learning is being considered more of on-the-job performance support versus out-of-the-office training, the rise of groupware tools speaks to the importance of collaboration for ongoing learning.

Although JLE constitutes an excellent tool in teacher-centered and learner-centered models, we found the borderline for its application to more ambitious scenarios like group-centered learning and constructivism.  This is also a common problem found in other environments like WebCT and LearningSpace.

In the group-centered model the existing collaboration tools are not sufficient, project-based learning need a more consistent groupware tool with rich interactions and a suitable awareness model.  At this point we suggested to our professors the use of BSCW as an excellent groupware tool.  Project-based learning is an immediate application of BSCW in educational environments because encourages and facilitates interactions among participants. BSCW is not however a perfect environment for distance learning and it lacks some important features in the learning medium. In the literature, BSCW have been criticized [7] by lacking important concepts like fine-grained monitoring, tutorware tools, professor and students roles, progress tracking, as well as content publishing and authoring tools. This is natural since BSCW has not been designed taking into account the learning process.

As a first solution we integrated the JLE environment with the BSCW system [ACE].  This led us to a partial solution: collaboration was considerably enhanced by BSCW workspaces and tools and more CSCL scenarios could be faced. This however did not achieve a complete integration and we found design clashes. Course publishing was directly duplicating BSCW document sharing, users and groups were duplicated, and the extension of the overall system was considerably difficult.

All the explained problems led us to the design of a new collaborative architecture based on new distributed technologies and taking into account CSCW, MOO and CSCL concepts.

3. The ANTS system

The ANTS system aims to provide a generic multi-user collaborative framework. Being the overall problem a complex distributed challenge, it is necessary to base on solid distributed technologies as well as provide generic CSCW services to the user and developer communities. We can distinguish three main layers in the overall architecture: a technology layer, a CSCW layer, and a Framework extensions layer. 
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3. 1 Technology layer

First of all, such a problem require a solid infrastructure providing security, scalability, persistence, transactions, scalability, and performance.  As we explained before, existing systems rely on non-distributed, single-threaded environments that limit their applicability to more complex problems. 

We have chosen the J2EE standard as our preferred technology infrastructure.  It saves us from implementing infrastructure and system-specific code and permits us to base on open specifications and components. This technology makes our system vendor-independent: we can choose any J2EE-compliant application server like SUN iPlanet, IBM WebSphere, ORACLE 9i, Orion and others. In our case, our development decision is the Orion server that includes a free for non-commercial use license and provides advanced distributed services.

With this decision, middleware vendors are responsible of complex infrastructure problems like security, performance, server federation, and others.  Concerning database management, the system is also generic but has been tested against HypersonicSQL (freeware) and Oracle8i.

Concerning message oriented middleware, we needed a publish-subscribe notification service four our framework. Being JMS (Java Message Service) a standard alternative, we were also strongly interested in the new Elvin notification service. This service [DSTC] has a very good performance and has been used for CSCW purposes. As a result, we implemented a façade API that permits us to choose between any JMS-compliant messaging solution and Elvin.  At last, the overall architecture uses pervasively XML for data interchange, and XSLT for data visualization. 

3.2 CSCW Layer

This is the most important part of the overall system and has been designed taking into account several CSCW, MOO, and learning environments.  In this line, it receives strong influences from well-known CSCW infrastructures like BSCW, Elvin, NESSIE, and Lotus PlaceHolder; from multi-user MOO systems like LambdaMOO, and from the IMS (Instructional Managements Systems) Specification.

The system is divided in two main modules: ANTS CORE and ANTS AWS, seamlessly interconnected by the collaboration bus [CSCW].   ANTS core comprises a generic and extensible application layer for collaborative tools, providing services like shared spaces, access control, and integration for both synchronous and asynchronous applications. ANTS AWS is a generic awareness service providing appropriate actuators for events received from the collaboration bus. 

As we can see, the collaboration bus is a key piece of the overall architecture. In one side, all components trigger events to this distributed information bus, and in the other side awareness components listen to the bus for information about what is happening in the system. 

ANTS CORE

Like other platforms, we also base our architecture in the powerful concepts from MOO environments. An object-oriented MUD, like Lambda MOO, is a network database server, which stores objects having properties and methods. The topology of the space is defined by “place” objects, representing discrete locations, interconnected by portal objects. These portal objects enable non-Cartesian spaces in which any graph-directed relationship can be established between “places”.

These powerful concepts permit a higher level of abstraction that not only can represent virtual worlds but also any type of shared space inhabited by users and artifacts.  Our core classes are Thing, Place, Link, and World.   We however introduce the Tool class in order to provide Thing factories in each space (Place). Like IMS Group/Resource, or BSCW Folder/Artifact, our Place/Tool collection permits to configure what Resource factories are available to users in each shared space. This design decision is important for learning applications in which a professor can establish or configure what available tools reside in each space for student manipulation.

Furthermore, we have included a powerful access control system over Places based on users and J2EE roles. Avatars are also represented by J2EE users so we can establish Place-access control in a fine-grained way.  

We explicitly specify how the system can be extended, and provide examples in how to create new tools. A tool (Resource) can be any synchronous or asynchronous application.  In the case of asynchronous applications (for example Web-Applications) a small façade layer is necessary to incorporate to ANTS as a first-class resource. Furthermore, examples on how to trigger events to the bus are provided. In the case of synchronous applications, a collaborative synchronous API —interfacing core classes—and examples are provided.

In a simple approach, a new tool can be installed quite easily without incorporating events. Any Web application could be candidate, in our case a voting tool was rapidly installed in two days. Sending events is also quite easy and we provide a sample tutorial.

ANTS AWS

The ANTS Awareness system is based on existing CSCW systems like NESSIE or Elvin. 

These awareness systems usually include an event repository, a notification service, and an infrastructure to filter or get information from events in the distributed bus. Normally, these events come from CSCW applications; for example NESSIE get events from the BSCW system.

Similar to the NESSIE architecture, our system is based on sensors/mediator/actuators. AWS clients ask the Mediator to bind a sensor with one or more actuators or effectors. Our sensors are time and events sensors, and the possible actuators are Persistent actuator (database), mail actuator, Bot actuator, EJB actuator, and Servlet Actuator.  It differs from existing awareness system in its server-side actuators, enabling a truly extensible and generic system.

In a possible scenario, we could create a subscription telling that we are interested in events produced by the user called “pedro” (event sensor) and we want to make them persistent (actuator). This would log each event coming from user Pedro occurred in the environment. We could also create our own infoBots that would react to events specified by our subscription. 

The most important aspect of the AWS is its extensibility; its set of actuators (Bot, EJB, Servlet) enable us to create different monitoring applications over the information bus. As we will see, the system is a powerful alert tool and establishes the base for filter agents and information bots getting information from the bus and reacting in different ways according to their task.

Finally, we want to outline the importance of the event repository. This component stores updated information about events triggered by CSCW components in the running platform. With this repository, Aws clients, monitoring applications, and information bots can choose what components must be tracked and which ones are currently installed.

3.3 Extension layer

As we have previously explained, both ANTS CORE and ANS AWS provide hooks for extending the system.  The system is generic enough to be applied in different settings, but we aim to create a robust learning environment on top of this infrastructure. In next section, we will explain a concrete extension to the ANTS system in order to create a Collaborative Learning Environment.

4. JLE 2.0 : A Collaborative Learning Environment

As stated before, traditional learning environments have coped with strong limitations in CSCL scenarios. As such, the IMS specification establishes a number of required modules like:

· User/Group/Profile Management

· Course Management

· Assessment Management

· Monitoring  & Progress tracking

· Collaboration Management

This classification includes collaboration just as another module in the learning environment. We propose a new model in which collaboration is the base of the overall system. In our case, the collaborative learning environment explicitly supports CSCL but can also incorporate other pedagogical models. We must however reformulate traditional approaches to learning environments to accommodate existing modules in the new platform. 

Much work is being developed at the interface level, to create a user-friendly educational system.  We will now study how all modules fit in the overall learning environment.

4.1 Collaboration Management

The underlying infrastructure provides shared spaces and permits to define roles and access control. We have implemented several synchronous and asynchronous tools that include:

· Document sharing


· Discussion forum

· Voting tool

· Chat

· Shared Whiteboard

· Videoconferencing tool

In fact, some of these tools already existed and they needed minor adaptations to be integrated n the environment as first-class resources. Like BSCW, objects can be copied to different workspaces (places) and arbitrary links can be established to other spaces. Inter-server object copy is permitted, and any graph directed relationship could be established with other ANTS servers.  

4.2 Course Management

JLE includes a course server that accepts IMS content packaged courses.  JLE also provides a LOM authoring tool for course metadata, and content-packaging tools. Based on existing standards  (LOM, IMS Content-packaging) the course server permits course publishing, indexing, searching, and navigation. Course publishing was a major design clash for us when we integrated BSCW in JLE. Course publishing was directly conflicting with document sharing in workspaces. In the new environment, the transition is very smooth:  a course is published in an ANTS place. Access control to the course is thus guaranteed by the ANTS core and collaborative environment. 

In fact, we have not changed the content server:  it can still work independently. We have create a web façade over the course server and incorporated to ANTS as a first-class resource.  In fact course are still stored and managed by the content server, the tool has references to the course server. This solution permits a flexible approach to course publishing and integrates seamlessly with the overall platform. We also plan to incorporate advanced improvements like collaborative course construction.

4.3 Assessment Management

JLE also incorporates an Assessment application that accepts IMS standard metadata. This tool has received more efforts in order to obtain a seamless integration with the collaborative platform.

In fact, the assessment tool integration gave us an unexpected result. In a first approach we have decided to incorporate assessment as a single ANTS resource, but we rapidly noticed how easily this tool could take profit from the overall environment. We then decided to incorporate three first-class resources to JLE: Question, Exam, and Auto evaluation pool. 

With this approach, we had created a collaborative Assessment module, just using a simple façade to the ANTS system for these three tools. Now, two professors can create questions in a shared space and collaborate in exam production. They can even copy and reuse questions stored in different spaces. The exam tool permits to select a number of question things and use them to create an exam ready for evaluation. The auto evaluation tool works in a similar way: user can select a number of questions in a shared space (“place”) and create an Auto-evaluation tool. This tool enables random exam creation from its question pool.

As we can observe, a traditional assessment module is converted to a collaborative application by means of facading the ANTS system. In fact,  question reuse was a feature asked by some users that is solved with ANTS in an initially unexpected way.

4.4 Monitoring, Progress tracking and Tutorware agents

The awareness system creates the perfect basis for getting information from the system.  Monitoring system has been easily created on top of the AWS persistent actuator.  Progress tracking is also being developed quite fast on top of existing functionalities of the awareness systems. But the extensibility of the awareness services creates more chances to new developments.

Tutorware agents are being developed for various purposes. For example, the constraint-language incorporated by the Notification service permits sophisticated subscriptions. For example we are creating a tutorware module called intelligent contents. In this module,  an agent detects students with problems (obtaining bad results in assessment) and dynamically redirects them to reinforce content paths. Professor could also say that is interested in students getting less than 4 points in a predefined exam. The chances of the system are open-ended and we are investigating on new tutorware and monitoring agents.  












4.5 Different Interfaces/Views

The last design requirement for the environment was view-independence. The underlying architecture and its distributed model/view/controller eases this separation from the model to the different views. In the current version, we can found three interfaces to the system: JLE Web interface, MOO text client, and VRML multi-user 3D environment.  In fact, much work must be done in user interface design but the system is open to new interfaces and exposes its internal architecture.

5. Conclusions

The confluence of different fields like Multimedia, Artificial Intelligence, CSCW, CSCL, HCI, and others can create the perfect framework for active learning. We aim to apply these advanced services in order to create a powerful framework for educational settings.

After our previous work with our own learning environment we found some limitations in the collaboration module that limited our ability to apply CSCL and project-based learning in University courses. From our experience in collaborative applications and frameworks we decided to develop a new infrastructure enabling collaborative learning. Our new JLE 2.0 is based on the ANTS infrastructure and provides a variety of services and tools that considerably enrichen the learning environment. The environment also enables different pedagogical learning styles. 

The ANTS layer is open source software for non-commercial use and is released in a publicly accessible lightweight version on top of: Orion server, HyperSQL database and Elvin Notification service. We aim to create an inexpensive CSCL platform ready to be used by a large research educational community.  The overall platform and tools will be released in January 2001 when the test phase will have completely finished. JLE is a commercial product but also ships with a special educational license.

The chances offered by ANTS extensions are open-ended and we expect to see in a short period a plethora of ANTS educational components, resources, and agents enabling new CSCL scenarios. We also plan to extend the system to incorporate interactive simulations and agents to enrich group learning and social interactions. 
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Figure 1. ANTS Architecture
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Figure 2. ANTS AWS Scenario 








