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Abstract-- This paper argues that, if we take the needs of lifelong learners seriously, they challenge the current paradigm of the Web server-based learning environment. In particular this architecture does not meet the lifelong learners’ needs for a consistent user interface; their need for a learning profile of their own that is necessary for (co-)managing their learning career; nor does it meet the need to be able to carry on learning while temporarily disconnected from a remote learning server.

In order to meet these needs, we put forward the concept of a Personal Learning Environment. We illustrate this with Colloquia which presents a radically different, peer-to-peer, architecture which has no central server. 

We then show how the strengths of these two opposing client-server and peer-to-peer models can be combined to provide a new architecture which presents a way forward for the future of eLearning.

This approach, which integrates institutional learning environments and personal learning environments, will depend on standards to enable their intercommunication. Existing and currently developing learning technology standards already go a long way towards defining the information that needs to be exchanged and we sketch out what would be needed for an additional specification to support the transfer of this information to the PLE and to return data and outcomes back again.

We also note that such an architecture will enable much better use to be made of the capacity of the learner’s own system, enabling more sophisticated learning systems to be developed without the server becoming a bottleneck, by effectively load-balancing between the two.

Index Terms—Learning Technology; Lifelong Learning; Mobile Learning; Personal Learning Environment; Standards. 

I. Background
he advent of the World Wide Web presented a great step forward for eLearning. For the first time there was an accepted, de facto standard which allowed content to be displayed across a variety of platforms and screen sizes and to be delivered on demand across the Internet.

A. The Web server-based approach

The current trend is for institutions to purchase off the peg Web server-based eLearning platforms, of which there are many. These 'learning servers' generally sit 'behind' a Web-server which acts as a channel between it the learner with their Web browsers. They provide a range of learning (and teaching) tools, typically supporting learner session management, content delivery, discussion, assessment and learner profile development. They differ in the way these tools are integrating, the learning “workflow” they support, and their overall look and feel. Many of these are becoming quite sophisticated in terms of the range of supporting facilities they supply, but may require considerable time for providers to learn how to use them. 

However in terms of their core, i.e. their ability to support a variety of pedagogical approaches, they are still fairly rudimentary. Still more time is needed for providers to adapt existing approaches and to adopt new approaches to learning in order to make the best use of those facilities that are provided. 

Being web-based, learners are expected to connect to these server-based systems over the Internet, and remain connected throughout all learning “events”. Once disconnected, the learning environment disappears from the learner’s personal machine.

For the suppliers of Web server-based learning environments, the differences between their systems, in look and feel and integration, is a significant part of what distinguishes them from each other, and so is seen as absolutely necessary.

For the institution, using a mass marketed tool (and mass marketed content) has a homogenising effect – courses begin to look similar at all institutions using the same learning environment.

Another problem has been the lack of standards that allow learning content to exchange information with a server during a live session, beyond that of posting information back via a web form. Content may need information about the learner; the server may need to be notified by the content that the learner has taken certain actions; the learner may want to bookmark their current position so as to suspend their current session. Learning system vendors have created proprietary standards for these and to a limited extent content vendors have adopted these – but in consequence, it erodes the open, cross-platform, advantages of the Web as such content will only run on the server for which it has been designed or adapted. A number of bodies, such as ADL with SCORM and for the longer term, IEEE, are starting to address these content-related issues, which will hopefully restore more open standards.

II. Lifelong Learning challenges the Web server-based paradigm

The above problems we mention in passing, in part because they themselves may be passing problems and ways may be found to work around them. However we want to address some further problems which we see as posing a more fundamental challenge to the Web server-based paradigm.

We all acknowledge the importance of being learner-centred and of supporting the lifelong learner. However the Web-server-and-stateless-Web-browser paradigm inherently supports an institution-centred approach and fails to meet some important needs of the learner: 

1) Multiple vs. Uniform User Interface

A problem for the lifelong learner is that since they may be registered at multiple institutions, they may have to use different learning environments at each. For learners also there is a learning curve. This increases the training/adaptation requirement. 

From the learners’ point of view, it would be better if there was a consistent user interface. With the Web server-based model, this would mean all learning providers would have to adopt the same learning environment; but from the institution’s perspective, this would reduce their choice of systems, their ability to differentiate themselves and the visibility of their added value. In the commercial context, this would mean either a monopoly supplier, or at least a dominant supplier with others copying their interface. It could well result also in a premature convergence on a standardised interface which, despite being limited, would reduce innovation and the development of better interfaces.

2) The Lifelong Learner's Progress File

The most fundamental is the need of the lifelong learner to have their own readily accessible progress file, which records, not only their past achievements, but also their current state and future plans. However the stateless browser leaves the learner with no trace of their learning progress. This may well be stored by the learning server on the institutional or corporate side, but a learner will move through many learning institutions during the course of their lifetime. Their learning record will thus become fragmented across these many institutions, corporations and private training providers; the learner has no integrated record which they can call their own, reflect on as a whole, and use to manage their current learning, and to plan their future learning.

Because learning systems are being set up by and for separate learning and training institutions, they largely do not look beyond their own institutional needs for maintaining records of the learners they are providing for.

a) Two Approaches to distributed learner records and some issues raised:

Within the server-based model there have been two approaches suggested to the problem of the fragmentation of the lifelong learner's record:

1. Each learning provider receives a copy of the whole of the learner’s record from the learner's most recent previous learning provider.

Some problems with this approach include:

a. Much of the learner's record may not be relevant or the learner may not want all of their learning record to be passed to a new provider, in which case some of their learning record will get lost

b. The learner may simultaneously attend several learning providers (e.g. part-time degree course and work-related training), in which case their record would split into several parallel streams

2. A new kind of central service is set up to maintain learners records for them
   This raises the question of whether this is to be a state provided service or a commercially provided service.

If provided by a State as part of its education service:

a. There will be additional taxpayer costs attached to this service.

b. Would the state have to provide this service up to school leaving age?

c. Would learners trust their learning information with a centralised state provider?


If a commercial service

d. Would all learners have to pay for a commercial service? 

e. How? from what age?

f. What would happen to their record if, for some period in their lives, they could not afford to pay the fees for the commercial service?

g. What would happen if the service provider pulled out of the business, or became bankrupt?

h. Would learners trust their learning information with a commercial provider?


Both these models raise some additional important questions:

a.
Who controls access to the learner's record and how?

b. Who 'owns' the information?

b) An Outline Solution
Can we learn from how we have handled this information prior to the introduction of ICT?  Currently, learners maintain their own learning records, with copies of information supplied by their learning providers. They then supply appropriate selections of these to prospective employers or new learning institutions. This information can be accepted at its face value, or if desired, can be checked with the originating learning provider. 

Taking current practice as a model, it suggests that both the learner and the learning provider have copies of the learner's record. However, the learning provider only maintains a record of the outcomes and activities which the learner engaged in with them. The learner maintains the integrated record of their activities with and outcomes from each learning provider they have engaged with. The learner therefore maintains the complete record of their learning activity, but the learning provider remains the authoritative source for particular elements of that record.

Just as the institution and the lifelong learner co-manage the learning process, so the relevant parts of the learner's progress file should be co-owned by the learner and the institution. But the learner is the only owner of the fully integrated composite record.

c) Lifelong Learners need their own learning progress records

A brief examination of the lifelong learner's information needs suggests the following main categories of information are required:

1. A means of recording goals: both 'life' goals and related learning goals. It is also useful if learning goals can be broken down into sub-goals, particularly when in dialogue with a learning provider so as to be able to organise a learning programme.

2. A means of recording the current state of learning: what courses or learning units are currently being engaged with, work in progress, (links to) associated resources, even relevant conversations with tutors, and portfolio of work as it is created.

3. A record of past achievements with associated marks, qualifications and certificates.

4. A means of reflecting on the current and past learning in order to guide the future learning.

3) Expensive connections and mobile learning need disconnected learning

As noted above, another problem of the Web server paradigm is that the learner has to be connected to the web server throughout all learning sessions. This can be problematic under several circumstances:

1.
Where the connection is expensive on a time-based charge. Learners are trading earning time for learning time. They are largely less wealthy than they would be if the time were devoted to earning rather than learning. They are therefore relatively more sensitive to the cost of being continuously connected to a server. 

2.
Where the connection is not of good quality and is unreliable, it is at best a frustrating experience, and at worst, guided learning sessions can become impossible when data and connections are lost. This is still the case in many parts of the world.

3.
With a mobile connection, where usage can expected to be paid for by the packet, then the learning content needs to be cached on the learners systems so that it can be revisited without incurring extra costs each time, and as far as possible all interactions need to be carried out locally with the final outcomes being transmitted back.

While connections in developed countries can be expected to become cheaper with flat-rate charging, faster and more reliable, this will become available in an uneven way, with rural locations taking longest. But if we take a global perspective, then the prospect of such connections being available in developing countries is much further in the future.

III. A Personal Learning Environment is needed

The requirements for a uniform interface across institutions, for personal learning records, and for offline or disconnected learning, suggest the need to provide learners with systems that provide the learner with additional capabilities over and above that of the generic web-browser. 

In order to provide a uniform interface, the learner needs their own environment that enables them to work across a variety of different institutional servers in a uniform way.

For managing learning records, a system is needed that:

1. is capable of storing the learner's record

2. enables the learner to manage, select and present relevant information 

3. is capable of exchanging information with both learning providers and employers

Ideally, as will be shown later, if the information describing current work can be captured, the creation of record of achievement becomes a simple task of archiving this with all associated assessments, together with learner and peer group generated information. This we suggest is a key aspect of a Personal Learning Environment.

For disconnected learning, we are not suggesting abandoning the web browser as a means of presenting content to learners, but rather we suggest that a Personal Learning Environment is needed to augment the browser, in effect providing, on the learner’s own system or in their own environment, many of the capabilities of a server-based system.

A. Colloquia: a Different Starting Point

With these needs in mind, we present Colloquia, a distributed, Peer-to-Peer learning environment, which has been developed over the last few years at the University of Wales Bangor, and has now been successfully used for two years as the main means of supporting a full online degree course.

We are not suggesting that Colloquia is a final answer to the problems we have raised, but, as a 'serverless' learning environment, it represents a paradigm that is a polar opposite to the Web-server based approach. What we are proposing is a synthesis of these two positions.

From the outset, Colloquia was designed to address these issues, and doing so took us down a different path from the then emerging Web server-based model. We certainly did not reject the Web server and its benefits however and still use it as a unique means for distributing learning materials. We also use HTML as a more sophisticated, platform-independent, format for inter-personal communications. But rather than putting the learning management system behind the Web server, it is distributed to each participant.

What is needed then to support lifelong, mobile and distance learners is a learning environment that belongs to the learner, that resides on their system and works in conjunction with, and augments, the learner's Web browser.

1) Overview of Colloquia 

In essence, in the Colloquia peer-to-peer model, each participant has a system that is capable of acting both as a creator and a receiver of information. So both students and teachers share the same system - both have a copy of Colloquia. A teacher can:

· set up a learning group or 'Activity' (class/module/project/etc.)

· add people to it

· add resources (both Web references and other files)

· add assignments

· add sub-activities with the same set or a sub-set of learners.

Having created and populated a learning activity structure, this is sent to all members. A complete copy is recreated in each of their systems. Once there, each learner in their own environment, and more specifically within the context of each and every learning activity, can:

· select resources and view them in a browser

· download resources and work with them offline

· communicate with other members as a group

· communicate with each member individually

· read and write all communications offline

· carry out and return assignments and receive marks and comments in return

2) Assumptions challenged and implications 

This challenges a number of assumptions:

1. that learning involves participating in someone else’s environment, as opposed to managing a set of learning relationships, activities and materials

2. that all participants in a learning experience need to have precisely the same view of these activities, instead of different actors constructing a view that suits their preferred way of working and managing their work

3. that this common view should be defined entirely by the learning system vendor, perhaps with some customisation by the learning provider, but not at all by the learner.

Assuming that interoperability challenges have been addressed, the Personal Learning Environment (PLE) would have a number of implications

1. providers would not have to be concerned about the “look and feel” of their learning environment, but instead could focus on differentiating themselves from the competition by their true added value – the quality of the teaching they support, and the learning experience they enable

2. A new market for ever improving learning tools that can be assembled into PLEs would emerge, with the focus on functionality

3. Learners could become truly mobile, being able to work online or offline as appropriate without losing the contextual markers that learning environments provide

3) Internet Email as a Model

Internet email provides a simple model. People can choose the email client of their choice (and address book) but still receive the same messages. They are able to use the tools in the client to organise how they organise and navigate their messages, but send and receive the same mail no matter what client they choose. This simple model can be extended by adding new tools that have utility for learning. Examples of these would be:

1. a tool for grouping people to create learning communities (sharing filters)

2. a tool that allows message navigation by community or person so that all messages are read and written in an appropriate group/learning context

3. within these contexts, tools that allow content references to be managed, viewed or interacted with by passing references to the local browser

4. context-based calendaring, project management, instant messaging.

These all require shared data, and common data formats, but can be viewed by different client tools. The environment which enables content, messages and information to be managed, viewed and interacted with by participants is the concern of the individual.

This model assumes that the role of the server is to provide storage for content and messages, but not complete environments, although it does not exclude this option. Again, using the email example, there is no question that email is best handled by a “proper” email client. But in certain situations, web-based mail is useful – it can be accessed from any Internet terminal, but with limited usability. Similar solutions can be provided for more complex learning environments.

Thus we can envisage both approaches, the institutional learning environment and the personal learning environment, co-existing but we shall explore later the closer integration of these two environments.

4) The Colloquia messaging infrastructure

As a distributed system, with multiple users who systems can be either available or unavailable at any given time, we needed an intermediate store-and-forward messaging mechanism. We realised however that such a system already exists, that it is well developed, robust and widely supported, and that virtually every Internet user already has access to it: the Internet Email system. We therefore decided that rather than require users to set up and maintain separate store-and-forward servers, we should use the distributed (peer-to-peer) network of Internet SMTP servers as our infrastructure.

All Colloquia exchanges are encoded as an XML attachment to an email message and sent as a (group) message to the participants. It includes a special hidden header that identifies it as a Colloquia message, so that the receiving Colloquia system can scan email headers and pull out just the Colloquia messages. All messages include the contextual information about the Activity within which it was generated as well as its author so that receiving systems can place it in the appropriate context in the receiver's system. Thus all messages are sent and received in context, without anyone having to set up complex message filters. 

As an identifiable component within Colloquia, the transport can be changed or added to, so that for example synchronous communication can be included in future.

In practice what it means for users is that they do not have to set up a specialised server that needs to be managed 24/7, although it does supports content being stored on and retrieved from one ore more standard web servers.

5) Integration with other types of learning system

The question is sometimes raised as to how such a system can be integrated with existing systems such as content authoring systems or student information systems. The answer is: in the same way as any other server-based learning environment: though the use of standards.

To illustrate this, we can take as an example a case where several years ago, a university purchased a learning management system after the decision had been taken to use it with all students for at least part of their learning. It was only late in the installation process that it was discovered that it provided no means for class and module enrolments to be passed to it from the student information system. As a result, they were faced with the prospect of employing a small army of temporary staff and hand enter the details of 17,000 students on to the system. Instead they developed their own systems integration, also a costly process, but a one-off cost.

Subsequently we have seen the development of specifications that facilitate precisely this kind of exchange, in particular the IMS Enterprise specification which was designed to allow enrolments to be passed in one direction and results to be passed back in the other. 

The IMS Enterprise specification is now in the process of being implemented in Colloquia, enabling student enrolment details to be fetched from an enrolment system and results to be passed back. Similarly, Colloquia has implemented the IMS Content Packaging and Metadata specifications which enable it both to create and receive Content Packages, and to interchange with authoring, repository and other server-based learning environments.

As we shall see next, the role of standards is critical to the proposed integration of server-based and personal learning environments, that we see as part of the next main phase for Internet based eLearning.

IV. The best of both worlds: Integrating Personal & Web server-based Learning Environments

While we have argued that a Personal Learning Environment meets the needs of the learner, it can be argued that a Web server-based Learning Environment better meets the needs of a learning provider institution. So the question arises as to whether these two approaches can be integrated and if so, what would be needed?

A. A Requirements Scenario

Let us assume that an Institution has a Web server-based Learning Environment and each learner has their own Personal Learning Environment. Let us also assume that we have moved beyond the isolated eLearner interacting with content, but have a model that also supports rich group based human-human interactions. Some of the following requirements emerge:

· The learner needs to be able to communicate their goals

· The learner may need to send the provider all or part of their learning record

· A learning programme needs to be agreed

· The student needs to be passed information about the courses or learning units they are enrolled on, including the tutor, resources, assignments and other learners

· The learner may also need to be passed the resources themselves or links to these resources

· During the use of resources, it may be required to pass information back about the learner's progress with each resource

· Messages between participants may also need to be passed back to the server, particularly if some learners do not have their own PLEs and are just using web browsers.

· Assignments need to be returned

· Assessments and marks need to be sent back to the learners to complete their record.

It should be noted that all of these requirements take the form of communication exchanges between the two types of system. And for such exchanges, standards are needed.

1) What benefits would such an integration bring?

Many of these have been explicitly or implicitly spelled out above.

For the learner:

· their own learning environment

· with a single learning curve

· their own learning record

· close integration of the learning record with their learning environment

· the ability to continue learning and working while disconnected

· a more responsive system

For the learning provider institution:

· a central repository that brings together the distributed information in one learning server

· the diminished training need to bring all learners up to speed with their system

· less demand to manage every learner's entire learning history

· sharing the processing and bandwidth loading with the 'client'

2) Using available capacity

The last point in each list needs some elaboration as they reveal a hidden benefit. One of the major arguments put forward for the peer-to-peer paradigm is that the server-based approach leaves idle the vast collected processing, memory, storage and bandwidth capacity available at the 'periphery' (defined in contrast to the 'central' servers) presented by the sum of the client systems that have access to the internet.

Given specifications for typical user system of, say, 1Ghz processor, 256Mb Ram, 20Gb storage, and rising, the greater part of this capacity lies idle during browser-based learning sessions. Even handheld systems are approaching this kind of specification (e.g. Apple iPod) and will soon be common.

As the use of multimedia increases, more sophisticated sequencing and multi-learner coordination are implemented, and the use of intelligent tutoring systems increase, coupled with increased scale of use, the loading on a central learning server will increase many times. By increasing the use made of the capacity available on every learner's system, the loading can be (re-)balanced, thus greatly reducing the load on the central servers.

This will be another significant driver moving the focus of the learning environment out from the central server towards the increased use of the learner's own system via a PLE.

V. Standards are needed to exchange data between environments

We next return again to the question of standards. In the course of a learning career, the learner will come across many different learning systems used by the different learning providers. A PLE will therefore need to make use of standards to communicate with a variety of server-based systems.

But before engaging with a provider’s learning environment, the learner will need to carry out the negotiation of the learning programme as outlined above. This process will largely require the use of a specification such as the IMS Learner Information Package, which is capable of carrying a significant amount of detail about a learner's goals, current and past learning activities, or perhaps, if it is approved, the IEEE LTSC's PAPI standard. Such a standard allows the learner's information to be brought to the learning provider and during the learning process for it to be augmented and the final results added. 

Enrolment information about courses, modules and finer-grained units of learning, including the tutor and other course members, can be passed using the IMS Enterprise specification.

However, it will also be necessary to download whole learning programmes, together with their associated units of learning; to run these in a personal learning environment; and then on completion, to return the results back to the learning server. This also will require a new standard, albeit building on existing standards. It is proposed that this have two main parts: one to get appropriate units of learning from the learning provider's system to the PLE, and another, when finished, to return detailed results back to the learning provider’s server.

The first part must enable a set of appropriate choices to be passed to the learner, their selections to be sent back and the selected units of learning to be bulk downloaded to the learner’s PLE/system using some form of Content Packaging specification.

In between, the learner’s system must be capable of supporting the standards which these units of learning expect in order to run them in a disconnected mode. This might include a SCORM run time engine, perhaps including the IMS Simple Sequencing specification; another might support the playing of Units of Learning based on the IMS Learning Design specification that is derived from the OU Netherlands' Educational Modeling Language (EML); and possibly other formats under development. These standards however would need to be supported 'internally' by the PLE, and differ from the standards needed to pass the content and to return results. These runtime standards are designed to generate information which is returned to the runtime environment. Such runtime environments can be provided that operate on a learner's system, capture this information and add it to the learner's personal learning file. But if this information is to be returned to an institution's learning server, then it would need to be buffered in the format in which it is normally generated and sent as a bulk transfer when finished or, if in disconnected mode, when the learner's system next reconnects. It may however be sufficient for the institutional system to receive just the summarised results.

On completion and reconnection to the learning provider's server, the second part of the proposed standard is then needed to send the data and/or outcomes from the learning sessions back to the learning provider’s system. This can make use of specifications such as the SCORM Content API specification or the new IMS QTI Results specification. But some additional specifications will be needed to identify the user, time and date of sessions and protocols for the exchange.

What this brief review of standards shows is that to a large extent the standards needed to support the parallel working of a Personal Learning Environment and an institutional Web server based learning environment are already in existence or are currently under development, albeit they were originally intended for slightly different purposes. 

Finally, the relatively small additional specifications needed to support the offline use of content are sketched in more detail, using SCORM as an example runtime specification.

A. The Processes and Specifications needed for Disconnected Learning

The following diagrams provide a schematic process for supporting disconnected learning, indicating where specifications would be needed, sketching what they should cover, and makes some suggestions as a starting point for developing the specifications. 

They make use of SCORM as a model to illustrate details, but the same approach can be applied, for example, to IMS Question and Test, IMS Learning Design.

1. Learner initiates request for offline learning ‘Chunk’ 






For this to happen:


a) The learner must be able to choose what to download, and how much (depending on whether they are expecting to be disconnected for a longer or shorter time, how much memory/storage space they have, etc.). Even if they are in the middle of a sequenced learning object, they may not want to continue with this offline.

Therefore there must typically be some way of presenting choices of learning objects to the learner. This might be implemented through the suggested Navigation functionality and its associated Data Model. There could be a Data Model to offer options and return the choice.


b) Once the user has indicated their choice, there must then also be a way of passing this to the server-based LE and of getting back all the data needed to run the selected learning item offline.

This might be implemented through the SCORM API as a get(download.<treePath>.learningObject) on the proposed Navigation Data Model.

The return value could either include a Content Package, prepared on the fly, with all the information needed to independently run the selected learning object(s), or alternatively, it could be an FTP reference to the Content Package which can be downloaded as a separate operation.

Defining the formats and API for this constitutes the first part of the Disconnected Learning specification.

2. LE Server bulk downloads Content, required Data Models, Learner Profile, etc.








The Content Package has to include all the Content and associated files, plus any required CM Data Models, such as (the relevant part of) the learner’s Profile. The Data Models would be passed as files with well-known names such as imsBookmark.xml and imsLearnerInfo.xml.

The software responsible for managing the offline learning must store this data locally on the user’s system in a persistent form so that it can be accessed later when the learner is in disconnect mode.

3. Disconnect

4. The Personal Learning Environment supports off-line learning session(s):



The Personal LE must now take over the role of the server-based LE, presenting choices to the learner, launching the content, supporting the runtime Content Management interface with the appropriate Data Models, responding to get( ) commands, and also buffering, in a persistent local store, the data generated by the Content issuing set( ) commands on the these Data Models. Depending on the Content, this might include start and finish against learning objects, bookmarking, question and test results, messaging to tutor and/or peers, etc.

5. Reconnect


On reconnection to the server LE, the Personal LE will need to upload the buffered data generated during the course of the disconnected learning sessions, thus synchronising the state of the Learner information on the server.


This will only involve the data model fields that support the set( ) call during a learning session. Where this call has been made, the data models will have changed. These models, with appropriate context information if needed (e.g. start/stop tracking will need to be related to specific learning objects) need to be re-synchronised with the server LE. It will have to be determined whether the whole of a changed data model is returned as a bulk update or whether finer grained, field specific changes are returned, e.g. by issuing a whole series of set( ) commands on the server LE’s corresponding data models.

Defining the formats and API for this constitute the second part of the Disconnected Learning specification.

VI. Conclusions

If we are going to take seriously the needs of lifelong learners, as well as those of distance and mobile learners, subject as they are to the realities of expensive, slow and variable quality connections, as still found throughout much of the world, then we will need to revise the current model of the Web server-based Learning Environment. 

In particular we suggest that it will be necessary to provide all learners with their own Personal Learning Environments. Rather than act in competition with Web server based systems, these will have to act in collaboration with institutional learning environments. Such PLEs are not common at present, but there is a fully working example of at least one, Colloquia, currently being used to support a distance degree course at the University of Wales Bangor.

The standards needed to support this fully integrated model are largely already in existence, although a fairly small additional specification is needed.

A significant additional benefit, which arises from adopting such an architecture, is the better use that can be made of the considerable, but under-utilised, capacity of the learners’ systems. By thus providing better load balancing between the two types of learning environment, more sophisticated types of learning can be developed and made available without causing the central server-based system to become a bottleneck. 
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