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The Market

Distance learning is an emerging market that promises to revolutionize the way people are educated and bring significant benefits in the areas of cost reduction and efficiency.   Collaborative distance learning, both in the form of instructor to student, and student to student, is the most effective form of distance learning that we will explore in this paper.

The holy grail of this market is to develop a technology that can deliver cost effective and high quality collaborative training anytime (recording/playback), anywhere (Internet), and on any device (Mobile devices).  The Internet is the first revolutionary technology that has sparked the revolution toward this lofty goal; however, significant technical hurdles still remain for this technology to achieve the anytime, anywhere, and any device dream.

In this document, we will explore the state of the art in online collaborative learning, the fundamental technical challenges it faces, and ANABAS’s innovative solution to these challenges that will take this field to a new level.

State of the Art Solutions

The state of the art in collaborative distance learning almost always involve the integration of the following pieces of technology:

· A real time one way video feed (Instructor to Student) (Could be multi-way importance of video controversial. Students say irrelevant BUT they interact much more with real person than distant person)
· A real time bi-directional (Instructor ( Student) audio/text chat channel (Some systems use internet audio; some POTS)
· A whiteboard for exchanging ideas and questions

· A shared browsing presentation mechanism (More generally shared document including shared multimedia. “browser” implies web pages?) This area deserves some discussion as current solutions limited. See my initial discussion under Anabas
· Moderation capabilities on top of the above components.(Also Session control with user secure login and choice of shared applications)
· Class Administration (grades) and Content Management/Authoring. Here we have Blackboard and WebCT which are dominant University vendors. They are weak in collaboration but strongish in these other areas. We need solutions that allow integration ot the two approachs. Those that start at Synchronous delivery end and those that start at asynchronous content and administration end. There is a third form of asynchronous instruction which so far has little online attention – namely the classic AI based CAI system implemented on web with agents etc. – I think you were working in this direction 

Many distance learning/collaboration companies are beginning to deploy or have recently deployed these solutions.  This is a big step from the previous incarnation of pre-recorded Internet video feeds as it adds more interactivity and richer communication mediums.  The result is a higher quality and more effective distance learning experience.   

The current state of the art architecture presents an integrated client view of the collaboration system containing whiteboard, shared browsing, text chat, instant messaging, voice chat, and/or video functionality.  To an end user all of these functionalities seem, for the most part, integrated into a single collaboration application.  Client then connect to a set of server that serves as a switchboard for multi-participant sessions.

Each separate software component that provides a particular functionality normally use separate and distinct communication streams.  For example, the white board software component will use a different messaging protocol to transmit to the server compared to the voice or text chat.  The fact that most distance learning solutions are a system integration of 3rd party components helps to proliferate this kind of architecture. 

Unfortunately, the complexity of independent streams and backend servers to support them creates technical barriers in offering high quality anytime(recording/playback) and any device(mobile devices) capabilities.

[image: image2.wmf]Integrated Distance

Learning Client

Integrated Distance

Learning Client

Shared 

Browsing

Shared 

Browsing

Whiteboard

Whiteboard

Text Chat

Text Chat

Doc

Sharing

Doc

Sharing

Instant

Messaging

Instant

Messaging

Voice

Conversation

Voice

Conversation

Voice 

Messaging

Voice 

Messaging

Shared 

Browsing

Shared 

Browsing

Whiteboard

Whiteboard

Text Chat

Text Chat

Doc

Sharing

Doc

Sharing

Instant

Messaging

Instant

Messaging

Voice

Conversation

Voice

Conversation

Voice 

Messaging

Voice 

Messaging

Separate and distinct communication methodology and protocols fo

r each functionality

Shared Browsing

Server

Shared Browsing

Server

Whiteboard

Server

Whiteboard

Server

Text Chat

Server

Text Chat

Server

Doc Sharing

Server

Doc Sharing

Server

IM 

Server 

IM 

Server 

Voice Chat

Server

Voice Chat

Server

Voice Messaging

Server

Voice Messaging

Server



State of the Art Problems

The point of integration is at the client side.  Each component is distinct and have their own communication streams.  These separate and distinct streams cause complexity and technical barriers for three key aspects of collaborative distance learning systems:

· Anytime access (recording/playback)

· Any device (mobile access)

· Scalability/Reliability/Manageability
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Extensibility and Enhanced Functionality

Anytime (Recording/Playback)

The larger the number of streams, the more difficult it is add high quality recording/playback. In the simple case of a single video stream, recording and playback is fairly trivial.   When you add other interactive streams to the mix such as whiteboard and voice chat, complexity increases in:

(1) Recording
Many components are 3rd party and was never designed to be recorded & played back (e.g. text chat, shared browsing history, …)

(2) Storage  (n | n = number of streams)
Each stream needs its own storage processing logic, format, location, etc.  

(3) Stream Syncrhonization (n2 | n = number of streams)
Latency & Jitter are different for each stream and can vary significantly.  Out of sync problems such during recording & playback, such as:
* Answer carried on one stream given before questions asked on another
* Page flipped before verbal explanation given.

Any Device (Mobile devices)

Another disadvantage of this architecture is allowing multi-device access to the system is a technical challenge.  In order to support m devices in an n stream system, each stream/device combination must be made to work for a total of m * n amount of work.   For example, if the system wants to allow phone access of the audio portion, mobile PDA access of the text & whiteboard portion, all three backend system that handle each stream must be converted to support the devices.

In addition, synchronization becomes a larger issue now that the extra dimension of multi-device is added to the dimension of multi-stream.  

Scalability/Reliability/Manageability

Running a large scalable and reliable distance learning system becomes a challenge with so many stream and backend component.  As any experience developer of large scale system knows, just making the processing of a single application massively scalable is challenging.  When there are multiple independent stream, making all of them scalability will requires several times effort.  Each stream will have its own characteristics and scaling quirks.

Reliability becomes a problem as well.  If a single component has a y probability of failure where y < 1, n components of a system will fail with a probability of yn.  The more backend components required to handle the n stream, the lower the system uptime. 

The same arguments apply for the maintenance cost for such a system.  The more complex the system the higher it costs to maintain.

Extensibility & Enhanced Functionality
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In general, any feature that affects all of the components is more difficult to do in this architecture due to the larger number of streams and backend components.  The effort and complexity of the problem goes up directly proportional to the number of streams affected.

An example would be adding content filtering features such as not showing any slides, text, or shared documents for a particular section of a lecture because the student is not interested.  In this architecture, the filtering component must be implemented, supported, tested, and integrated three times (shared browsing, text chat, shared documents) in order to support this feature.   

Other examples besides what have already been given include:

· Moderation of all interactive components
Send only, receive only, to students only, …

· Targeted distribution of content on all streams 
Only allow a subset of the class to view.

· Content search on a pre-recorded session 
Extracting relevant content from multiple streams.

· …


ANABAS’s Solution

ANABAS virtual classroom technology utilizes an federated event bus technology developed to power the communication among different devices and interactive components.  The event based protocol system drastically simplifies the communication methodology for the interactive components of a collaboration environment from multiple streams into a single stream.  The architecture introduces:

· A flexible event message format to allow synchronous and asynchronous communication to be delivered on it.

· A distributed, scalable, and fault tolerant backend event bus system serves as a foundation for a high quality collaboration application.

· Delivery priority combined with guaranteed and best effort delivery supports a wide variety of interactive applications including audio, video, text chat, and instant messaging.
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This architectural solution allow ANABAS to overcome many of the difficulties that were described very easily.

Anytime (Recording/Playback)
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All interactive components send communication messages as events onto the event bus.  Recording of a virtual classroom session requires only a storage device to listen in on that particular session at a single location and record all relevant events to a simple storage system.

Any Device (Mobile access)

Porting interactive applications to a new device is now much simpler.  Only support for the single event based protocol needs to be implemented rather than a host of different  protocols.

Scalability/Reliability/Manageability

By using only a single event based stream for ANABAS’s virtual classroom technology, the backend system drastically simplifies as well.  The backend architecture only need to do one thing well and that is the delivery of event messages to various client attached to the bus.  

By ensuring that this single backend system is scalable and reliable, all interactive applications using this architecture becomes scalable and reliable as well with very little work.  Of course, with only a single simple backend delivery system to worry about, the maintenance costs are drastically lower thus allow higher operating margins.

Extensibility & Enhanced Features

Adding features such as moderation, selective broadcast, and content search is much simpler with only a single point of integration to consider.  By developing those features on top of the event bus architecture, it very easily applies to all interactive applications that uses the event bus as its foundation.  
Discusson of Document Sharing in Anabas
All existing educational systems have limitations (problems) with the document types they can share. There is currently no agreed standard for documents (as one hoped W3C DOM would become) allowing one a clean modular interface for a particular functionality whether it be collaboration or storing in database/use of templates. The former is Centra, WebEx goal and latter blackboard/WebCT goal. Difficulties include authoring – one needs to somehow “import document into your system” and yet be able to spit it out so can edit with native authoring mode – This is an obvious problem with PowerPoint and Web Exports of it. Another difficulty is understanding event model for “shared event model of sharing” – For instance it is of some interest to share Macromedia authored documents – these have different event model than web pages but interactive nature of this authoring means that need to implement non trivial shared event model. Note that can use shared display but what happens where you click and invoke a streaming video – fine if shared event and each pupil reads from their CDROM after sharing “URL” – problematic for shared display. For education, current erratic support of Mathematics is a typical problem facing technical teachers – solving this (e.g. using IBM Tekexplorer) compounds difficulties with collaboration in a clean way.
There are several existing models

a) Naïve Shared Browser – URL shared but then students can diverge from instructor

b) Sophisticated Shared Browser as I built with shared “document fragments” (using forms, layers and dynamic HTML sharing. Would be very very powerful if W3C DOM standard but not so clearly useful in current document model confusion.) This technology implemented a general shared pointer as a layer. Also vetoes student attempt to click on (some) buttons.
c) Display Sharing as in NetMeeting or VNC
d) Convert document to image – import image into whiteboard and use Java whiteboard to allow annotations.

e) Shared viewer. Build a special viewer (whiteboard above is one example of this) allows some but all sharing capabilities – collaborative visualization systems can share image/model and allow each site independent viewing options (rotate, zoom) etc.
Anabas will do what?
Discussion of Support of Classroom Administration / Content Managemenin collaboration understanding it in Anabas
To be added
Discussion of Performance Modelling / Fault Tolerance
When teaching it is important to know that student is really connected and not having problems due to network and/or PC problems. I built this software for Tango but it was never used. It told teacher current state of each student and gave student a heartbeat to say teacher still transmitting. This is all part of goal to gain warm and fuzzy feeling that
Summary

ANABAS’s technical team combines years of R&D in online virtual classroom technologies with significantexperience in developing large scale, reliable backend system for ASP’s to deliver a robust and high quality virtual classroom technology based on its federated event bus architecture.
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