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Abstract
A key requirement of contemporary Learning Management Systems (LMSs) is personalization of learners' access to learning objects by providing results tailored to the individual or group of learners as the response to search queries.  Such personalization requires a user profile containing information about preferences, aims, and educational history to be stored and used by the system.The aim of this paper is to present some approaches and methods for personalization and to review existing ones in current LMSs.
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1. INTRODUCTION

Learning Management Systems (LMSs) are systems that support the creation (via authoring tools), storage and presentation (often via a web browser) of learning materials in a structured way. They often also include ‘tracking’ tools that allow for record-keeping on students enrolled in courses, and usage statistics for the system as a whole.
Learning Object Repositories (LOR) are collections of learning resources with associated metadata, generally available and searchable via the Web.

LMSs are usually designed to deal with learning objects (LOs) at the ‘course’ level of granularity, whereas LOR tend to operate with much smaller units - generally individual web pages, multimedia objects (images, video, etc) or programs. The ‘courses’ deal with by LMSs are an aggregation of the kinds of object found in LOR.

The current LMSs have to be developed and upgraded, so they meet the functionality requirements, such as adaptability, personalization, access,  modality, etc. Analytical study of these characteristics and how they improve conventional education has been done in [9].

One key requirement of the contemporary LMSs is personalization of learners’ access to learning objects. The personalization includes how to find and filter the learning information that fits the user preferences and needs, how to represent it and how to give the user tools to reconfiguration the systems, in consequence, reconfiguration system could be part of personalized environment in some systems. The user modelling is the process of constructing (often computer-based) users models, while the user model means all the information collected about a user that logs to a web site, in order to take into account her needs, wishes, and interests. Every LMS has its techniques to modelling his users so as to construct the user model or profile.
The authors define three types of personalization:

· Personalization of the learning content, based on learner’s preferences, educational background and experience; 

· Personalization of the representation manner and the form of the learning content (for example, learning content in the form of the adaptive learning sequences of learning objects).  In [8] “…methods, models and algorithms are described for designing adaptive learning sequences of learning objects. The sequences’ design is based upon definitions of the flows of learning activities and the rules for automated support of learning strategies. The order of supplying activities from the flow and the objects, associated with them, is modified on the basis of the level of knowledge, demonstrated by the learners through their interaction with the content of the objects during their training.”

· Full personalization, which is a combination of the previous two types.

The following approaches can be used to apply the learning personalization:

· Personalization, controlled by the learner – It requires direct input of the learner's needs and preferences by filling question forms or by choosing options and alternatives. 

· Personalization, based upon an existing user profile and meta-descriptions of the information content - In this case, the learners' preferences are stored in their profile.

· Personalization via searching for a correlation between the learners - Correlation is through the values of the attributes, describing the learner's profile. If there is a strong correlation, there is a possibility that the content for a given profile is suitable for applying to its close (adjacent) profiles [8].
Personalization in current LMSs tends to be concerned with remembering which courses the user is allowed to view and how they like their pages to be presented. In some cases users (learners, teacher and administrators) are able to edit their own profile; to maintain their personal calendar (monthly and weekly) which keeps track of their event transactions; to subscribe to forums, etc. Observing the educational process as a whole, learners are very rarely allowed to get access to learning objects which are conditioned on a wide range of personal data including achievement, date/time and class code. 
2. Modern approaches for personalization
In the contemporary learning management systems personalization techniques of learners’ access to learning objects have to provide results tailored to the individual or group of learners as the response to search queries. When users search for LOs the results returned to them will depend on who they are as well as their query, since different LOs may be more appropriate for different learners. First, we will track down one clear approach for personalization realization implemented in Self e-Learning Networks (SeLeNes) project [1]. According to this approach personalization will have an effect on search results returned from a keyword-based query at three different levels:
· Filtering of the returned LOs - excluding those LOs deemed unsuitable for the learner, even though they satisfied the original query; 
· Ranking of the returned LOs - the ‘best’ LO for one user may be different from the ‘best’ LO for another, but personalized ranking means that they can both have the most suitable LO for them returned at the top of their search results;
(Filtering and ranking are discussed further in Section 5.)  
· Presentation of results - users will have different preferences for the display of their search results (e.g. display results as trails or as a simple list, display 10 results per page or 50 results per page). A full discussion of presentational issues is beyond the scope of this document. 

Some aspects of personalization can also take place even before a query is submitted for evaluation: personalized queries can be constructed using information stored in the profile, by re-formulating or annotating the user’s original query to reflect elements of their profile. The user profile has to contain information about preferences, aims, and educational history that can be used by the system.  For example, if the profile contains the information that the user only speaks English, all keyword searches they enter could be annotated with lang:en automatically. This is the first stage of filtering. The user profile is discussed further in Section 3 and Section 4.
Keyword-based query is not the only way that users can locate LOs – the schema of the LO descriptions can also be browsed to find relevant LOs, providing facilities such as ‘browse by author’ and ‘browse by subject’. Personalization of the browsing process can occur at two levels. Firstly, the user’s view of the LO information space can be personalized, allowing users to restrict the information they see to only those attributes of interest to them, organised in their preferred manner. These personal views can also be queried directly when searching for LOs. Secondly, the system can use knowledge of a user’s preferences (either those explicitly supplied by the user or those learned by the system itself) to recommend individual LOs or categories of LOs to the user as they are browsing. Details of how this could work are provided in Section 6.
3. constructing user profile
The provision of personalized access to LOs requires a profile to be stored for each user and for each group of users (where ‘group of users’ here means a set of individual users who have agreed to collaborate in some activity, for example a class of learners all studying the same topic, and who use a single ‘group profile’ for the collaborative activity). 
Numerous schemes for learner profiles have been proposed. Here we briefly consider some of the most sophisticated, and whether they can provide the information necessary for the personalization.
Educational Modelling Language (EMLs)
The CEN’s Information Society Standardization System (CEN/ISSS) defines an EML as “a semantic information model and binding, describing the content and process within a ‘unit of learning’ from a pedagogical perspective in order to support reuse and interoperability" [2]. Their survey of EMLs [2] gives an overview of the six main existing languages. EMLs are supposed to describe both the content of learning units and the interactions and activities of students and teachers. However, the survey found that all of the proposals have so far concentrated on the description of learning material (a ‘unit of learning’ - e.g. a course), rather than on the description of the actors involved in the learning process.

Only two of the current proposals (OUNL-EML [3] and PALO [4]) proceed to model people as well as course content. In these proposals people are defined in terms of the roles they play (what activities they participate in) for workflow modelling. In these roles, people work toward certain outcomes - learning and/or support activities within an environment, consisting of learning objects and services to be used during the performance of the activities.  This kind of user modelling doesn’t directly concern the personalization. The most important information for personalization realization is the learner’s current goals, experience and preferences, which are not covered by workflow modelling.

OUNL-EML can “describe personalization aspects within units of learning, so that the content and activities within units of learning can be adapted based on the preferences, prior knowledge, educational needs and situational circumstances of users” [2], but OUNL-EML doesn’t give any indication of how to specify the user attributes (i.e. preferences, prior knowledge, etc.) themselves. It also includes a “personal dossier" for individual students, which records assessment, grading and “time-spent on assignment" information. Again, this is not the kind of information needed to provide personalized access to LOs.
IEEE LTSC’s Personal and Private Information (PAPI) Standard and the IMS Learner Information Package (LIP)
There are other learner profile proposals that do not fall into the category of EMLs. Two of the most important and well-developed of these are the IEEE LTSC’s Personal and Private Information (PAPI) Standard [5] and the IMS Learner Information Package (LIP) [6]. Both standards deal with several categories for information about a learner.

PAPI specifies the syntax and semantics of a "learner model", which characterizes a learner and his or her knowledge/abilities. This standard includes elements for recording knowledge acquisition, skills, abilities, learning styles, records, and personal information. This standard allows these elements to be represented in multiple levels of granularity, from a coarse overview, down to the smallest conceivable sub-element. 

The purpose of this standard is:

· To enable learners (students or knowledge workers) of any age, background, location, means, or school/work situation to create and build a personal learner model, based on standards, which they can utilize throughout their education, learning experiences, and work life.

· To enable courseware developers to develop materials that will provide more personalized and effective instruction.

· To provide educational researchers with a standardized and growing source of data.

· To provide a foundation for the development of additional educational standards, and to do so from a student-centered learning focus.

· To provide architectural guidance to education system designers.

PAPI distinguishes personal, relations, security, preference, performance, and portfolio information. The personal category contains information about names, contacts and addresses of a learner. Relations serve as a category for relationships of a specific learner to other persons (e.g. classmate, teacheris, teacherof, instructoris, instructorof, belongsto, belongswith). Security aims to provide slots for credentials and access rights. Preference indicates the types of devices and objects, which the learner is able to recognize. Performance is for storing information about measured performance of a learner through learning material (i.e. what does a learner knows). Portfolio is for accessing previous experience of a user. Each category can be extended.

IMS Learner Information Package is based on a data model that describes those characteristics of a learner needed for the general purposes of: 

· Recording and managing learning-related history, goals, and accomplishments; 

· Engaging a learner in a learning experience; 

· Discovering learning opportunities for learners. 

The specification supports the exchange of learner information among learning management systems, human resource systems, student information systems, enterprise e-learning systems, knowledge management systems, resume repositories, and other systems used in the learning process. 

The IMS-LIP standard contains several categories for data about a user. The identification category represents demographic and biographic data about a learner. The goal category represents learning, career and other objectives of a learner. The QCL category is used for identification of qualifications, certifications, and licenses from recognized authorities. The activity category can contain any learning related activity in any state of completion. The interest category can be any information describing hobbies and recreational activities. The relationship category aims for relationships between core data elements. The competency category serves as slot for skills, experience and knowledge acquired. The accessibility category aims for general accessibility to learner information by means of language capabilities, disabilities, eligibility, and learning preferences. The transcript category represents institutionally-based summary of academic achievements. The affiliation category represents information records about membership in professional organizations. The security key is for setting passwords and keys assigned to a learner.

The shortcomings of existing specification are generally in the recording of competencies, learning goals, preferences and learning styles. This is acknowledged even by their authors – Brendon Towke, member of IEEE LTSC PAPI Working Group, said: “If I have an LMS that store IQ as an important characteristic of the learner, which of six information types is the appropriate place to store it? It seems that none of them are, [...] Similar arguments can be made for learning styles, cognitive styles, personality styles, affective styles, learning goals, and career goals. All of these data elements should have a place in the data model, and currently, they don’t” [5]

IMS-LIP improves on PAPI slightly by providing a string field for learning goals. However, the personalization requires schemas to be developed, allowing spaces in the profile for descriptions of full user background (personal information, preferences, educational background, interests, skills, knowledge, abilities, goals, learning objectives, etc.)

The SeLeNe resulting model is based on subsets of both mentioned standards. These standards reflect different perspectives, but they best correspond to the user profile personalization. 
Resource Description Format and RDF schema 

Semantic web technologies like the Resource Description Format (RDF) [10] or RDF schema (RDFS) [11] provide us with interesting possibilities. RDF models are used to describe learning resources but they can be used for learner description as well. The use of RDF to encode the profile data (so called learner data description) allows us to pick elements from multiple schemas, for instance, PAPI and IMS-LIP, and remain interoperable with other RDF-enabled systems. With the plethora of specifications available and the lack of even a de facto standard, we see the use of RDF to select from multiple existing schemas in order to create customised, application-specific data models as being the dominant trend in user modelling in the future.
4. Example of user profile
The user profile, described here, is composed of two main parts: information explicitly supplied by the user and information collected transparently by observing the user’s behaviour. 
User-Supplied Information

When initially registering in the LMS the user will have the option to supply some information for their profile, and this can be expanded upon or modified at a later date. Of course, the user could choose not to supply any personal information, but the more data the system has the better it will be able to serve the user.

The user registration process should provide a series of forms to allow the entry of this data, with either text fields or a list of optional choices where appropriate.

The user-supplied information will include general demographic data and other personal data that can help in identifying useful LOs, and this will be stored using, for example, the following elements from PAPI and IMS-LIP:
· PAPI elements: Learner Personal Information as Personal Identifier (ID), Name, Postal Address, Age, Languages, etc.) and Learner Preference Information;
· IMS-LIP elements: Qualifications, Certifications and Licenses (Organisation, Level, Title, Date, Description); Interest (Type of interest, Description); Competency (Skills, knowledge, and abilities); Goals (Learning, career and other objectives and aspirations).
The final two IMS-LIP elements listed here, i.e. Competency and Goal, are probably the most important information needed by the system in order to provide effective personalization. Unfortunately they are also the most difficult to specify in a clear, concise and unambiguous way. 

Existing specifications for learner profiles generally include space for a record of the learner’s experience and current knowledge. The most sophisticated of these schemes appears to be that proposed in the IEEE PAPI standard. The PAPI profile contains a section of ‘Performance Information’ specifically  “to provide improved or optimized learning experiences” [5]:

· Learner Performance Information, which is a list of identifiers for learning experiences that the learner has taken part in, and their associated grades and awarding body. 

· Learner Portfolio Information is a representative collection of a learner’s works or references to them that is intended for illustration and justification of his/her abilities and achievements.

PAPI has been developed from the perspective of learner performance during his study. Personalization based on level of knowledge can be solved in PAPI by introducing extension and type of performance or by considering activity at the portfolio item is the result of some activity related to learning.

On the other hand there seems to be very little work specifically on how learners can express their learning needs; however, there is some advice on how teachers or authors of learning materials can specify the learning outcomes of their lessons, courses and LOs (OUNL-EML [3] includes ‘learning objective’ as part of its information model for ‘units of learning’, but unfortunately gives no hint as to how these should be specified). If learners express their needs in the same terms as LO providers express the desired learning outcomes for their LOs, then accurate matching of LOs to users’ profiles should be possible. It seems widely accepted that learning outcomes should be expressed as competencies - what a learner will be able to do as a result of following the learning materials. Most guidelines available are quite general and give a list of  “the kinds of word you might want to use”. A more formal taxonomy of educational objectives was specified by a committee of college and university examiners in 1956 (known as “Bloom’s Taxonomy"), which identified six different types of educational objective, along with outcome-illustrating verbs which characterise each type [7]:
1. Knowledge: of terminology, specific facts, universals and abstractions in a field. Knowledge here means the remembering (recalling) of appropriate, previously learned information.

· defines, describes, enumerates identifies, labels, lists, matches, names, reads,records, reproduces, selects, states, views.
2. Comprehension: Understanding the meaning of informational materials.
· classifies, cites, converts, describes, discusses, estimates, explains, generalises,gives examples, makes sense out of, paraphrases, restates (in own words), summarises, traces, understands.
3. Application: The use of previously learned information in new and concrete situations to solve problems that have single or best answers.
· acts, administers, articulates, assesses, charts, collects, computes, constructs,contributes, controls, determines, develops, discovers, establishes, extends, implements, includes, informs, instructs, operationalises, participates, predicts, prepares, preserves, produces, projects, provides, relates, reports, shows, solves, teaches, transfers, uses, utilises.
4. Analysis: The breaking down of informational materials into their component parts, examining (and trying to understand the organisational structure of) such information to develop divergent conclusions by identifying motives or causes, making inferences, and/or finding evidence to support generalisations.

· breaks down, correlates, diagrams, differentiates, discriminates, distinguishes, focuses, illustrates, infers, limits, outlines, points out, prioritises, recognises, separates, subdivides.
5. Synthesis: Creatively or divergently applying prior knowledge and skills to produce a new or original whole.

· adapts, anticipates, categorises, collaborates, combines, communicates, compares, compiles, composes, contrasts, creates, designs, devises, expresses, facilitates, formulates, generates, incorporates, individualises, initiates, integrates,intervenes, models, modifies, negotiates, plans, progresses, rearranges, reconstructs, reinforces, reorganises, revises, structures, substitutes, validates.
6. Evaluation: Judging the value of material based on personal values/opinions, resulting in an end product, with a given purpose, without real right or wrong answers.

· appraises, compares & contrasts, concludes, criticises, critiques, decides, defends, interprets, judges, justifies, reframes, supports.
This taxonomy can form the basis of a “recommended vocabulary" for the specification of learning objectives. Obviously, users of the system do not want (or need) to learn the intricacies of Bloom's taxonomy; the user interfaces for registration of users and of LOs should encourage the use of verbs from a representative subset (i.e. a few terms from each category) of the outcome-illustrating verbs given, by presenting them as options when describing learning goals/outcomes. The verbs chosen for this recommended vocabulary would make most sense as part of the specification  of both a learner's goals and of a LO's learning outcomes. A user's learning objective (goal) can then be described by a combination of one of these verbs with a term from a learning topics taxonomy. The combination of verbs with a topics taxonomy thus forms a structured vocabulary for describing user goals and LO outcomes.

Implicitly Gathered Information

The continuous collection of information implicit in user interactions with the system provides the adaptive part of the profile. As the user interacts with the system aspects of their  behaviour can give clues as to their interests and preferences. If the system records certain user behaviour these implicit indicators of interest can be used to aid the personalization functionality. A history of searches and LO access is recorded, including dates and details of the LOs browsed. The history information gathered can be stored in the profiles as a set of trails, capturing the history and other information in a standard format. This dynamic, growing history of LO interaction contains a wealth of information that can be mined, with the right techniques, to reveal information useful for personalization, for example, preferred authors and publishers, the user’s learning styles, areas of interest within topics, etc. Thus the history part of the profile enables the provision of adaptive personalization functionality that takes account of the user’s recent behaviour. 

5. filtering and ranking search results

The query service will return a set of LO descriptions - all those LOs that satisfy the user’s query. The user wants to be able to find exactly the right LO quickly, without having to browse too many of the results, so rather than present the results exactly as they are returned by the query service some processing is done first.
If a profile of the user is not available (or the user has personalization turned off) then all that can be done at this stage is some rudimentary ranking of the result set, possibly using standard ranking techniques from information retrieval and web search.

However, we anticipate that usually some minimal profile will be available to the system, as users should supply at least some minimum information into their profile when first registering. In this case the ranking of LOs will involve personalization. This means that the system can attempt to show the user only those results likely to be most relevant to them personally, as well as relevant to the query in general.
The first step in this processing is to filter the results - remove all those LOs that we are certain will be of no use to the user. At this stage, for example, any LOs in languages that the user does not understand can be eliminated, as can those not meeting accessibility requirements, those at a far too high or low level of difficulty and possibly those covering only material that the learner is already completely familiar with. 

Next, the remaining set of LO descriptions must be Ranked in order of relevance to the user. Whereas filtering can be done with just the user profile, ranking a set of results should take the original query into consideration too (i.e. relevance must be judged against the combination of user profile and query, not just the profile).
The best algorithm to use for this ranking is still an open question, but it will take into consideration:
· Relevance of the LO to the query; 
· How well the LO caters for the user’s accessibility requirements; 
· Whether the user has the prerequisite knowledge and experience;
· Matching between the user’s goals and the learning objectives of the LO; 

· If the user’s learning styles are those catered for by the LO;
· If the user is likely to prefer it for other reasons (it is by a preferred author, say); 

· The user’s most recent activity.
The clear individual semantics of each section of the user profile allows focussed matching against relevant sections of the LO descriptions. For a LO to be a „good" LO for the user, the greatest possible number of different elements will match to some degree. Clearly, though, some factors are more important than others to the user and a good algorithm for combining them will reflect this. For example: 
· If LO X caters for one of the user’s learning styles but is not very relevant to the original query then other, more relevant LOs should be ranked higher even if their descriptions don’t list one of the user’s learning styles;

· If LO Y has a learning outcome that matches one of the user’s goals but is far too difficult for the user to tackle (they have none of the prerequisite knowledge, say) then again other LOs (closer to the user’s level) should be ranked higher.

With so many factors to take into consideration, discovery of which algorithms work better or worse for which groups of users requires much further work and testing, and is beyond the scope of this project. It may be that the ranking algorithm itself needs to adapt to the individual, and will differ from user to user (an additional section could be added to the user profile to store information about parameters used by the ranking algorithm).

6. support foR browsing as a trail

As the user is browsing LOs the trails and adaptation service can actively recommend the next LO to look at, effectively generating trails of length two (i.e. a trail consisting of the current LO and a suggestion for the next one) at every stage of the user’s browsing, based on the user profile. 

The recommendations can be derived in several ways:

· from the semantic relationships between the current LO and other LOs in the LMS repository;

· from the user’s profile plus LO metadata - perhaps suggesting LOs that cover more advanced material on the same topic, and also suit the user’s preferences (learning style, accessibility, etc.);
· through a process of collaborative filtering, suggesting as the next step a LO that other similar users browsed after seeing the current LO (where similar users can be identified by having similar preferences or similar histories of LO access).

7. Case studies
WebCT

WebCT claims to be the leading provider of e-learning solutions to the higher education sector. It offers two main products:

· ‘WebCT Campus Edition’, which is a course management system designed to be implemented across a higher education institution. As well as content delivery and management it includes student performance assessment and tracking and communication tools such as whiteboard, discussion forum and instant chat room.

· ‘WebCT Vista’, which is described as an “enterprise-class e-learning system” - it appears to do the same as Campus Edition, but with a few extra features such as role-based authentication, an SDK to allow application extensions to be built, and additional functionality in the communication tools, allowing ‘cross-course’ communication.

WebCT claims to offer “highly personalized educational experiences”, but in practice this seems to be mainly at the institutional, rather than individual level. The ‘look and feel’ of the system can be tailored to reffect the institution’s branding (e.g. by the inclusion of a logo). Course designers can then also modify the layout and colour schemes of material further.

WebCT can provide personalised learning paths for users, as access to objects can be conditioned on a wide range of personal data including achievement, date/time and class code (i.e. there may be many classes taking the same course, with different materials available to different classes). In reality this is seldom used to any great extent due to the high cost of developing learning materials in different styles and setting up courses to use these effectively. Personalization at the level of the individual learner is usually restricted to allowing users to set individual bookmarks and providing a single-sign-on system – i.e. the system knows which courses a user is registered for, and once signed in once all of these courses can be accessed without the need to sign in separately for each one.

There would seem to be a lot more scope for individual personalization than this, as the WebCT system records quite a lot of information on the behaviour of the users (which documents they visit, how long they spend viewing them, test results and grades
). At present this information seems to be used solely for the production of reports, but could be used towards providing a truly personalised educational experience without the need for large investments of course designers’ time.

Blackboard
Blackboard claims to provide “a total e-education infrastructure” for schools, colleges, universities, and other education providers. The system can be installed locally at an institution, but they also offer remote hosting of courses on their own servers. As well as content management it provides various facilities including a bulletin board, calendar, active conferencing and quiz tools.

There is no personalization of the learning experience - the system remembers which courses a user is registered for but that seems to be all the personalization that is done.

Future development of the system seems now to be in the hands of the users themselves - since the introduction in December 2000 of the “Building Blocks” programme any user can build their own application extension and distribute it through the Blackboard repository of “Building Blocks”. Users can pick and choose which features they want in their system from existing building blocks, or can build their own if a suitable one is not available.

Xtensis

Xtensis claims to be “a revolution in the management and delivery of e-learning” as it is specifically designed to handle LOs and their (IMS and SCORM-compliant) metadata. It is usable ‘out of the box’ as a learning management system, but can be configured to reflect the structure of an organisation and is more an architecture than a single product.

It is used as the content management system for several UK-based LOR projects, including the National Learning Network (http://www.nln.ac.uk/), the Seeveaz Key Skills repository and Iconex (http://www.iconex.hull.ac.uk/). 
Xtensis keeps a very detailed student record that allows for much personalization. As well as user interface preferences (graphics, colours, text size and font) and personal bookmarks the system stores a complete history of the LOs accessed by the user. This history, combined with LO metadata can be used by the system to make ‘intelligent suggestions’ about which LOs are the best ones to present to the learner next. The factors considered by the system include:

· the language of the LO (compared with the preferred primary and secondary language of the student);

· the platform being used at the time;

· the difficulty of the LO;

· the intended age range of the LO;

· prerequisites of a LO;

· nearness in a taxonomy of subjects (i.e. LOs dealing with the same, or similar topics);

· the preferred learning style.

So far there has been little use of Xtensis as an LMS to deliver content directly to learners, so the personalization and intelligent suggestion features are yet to be extensively used. The base functionality of classifying users and LOs and making suggestions based on a mapping between them has been used (in work with Mencap) to automatically select versions of content based on users’ learning difficulties or physical disabilities.

Areas that are specifically indicated as work for the future are the extension of personalised suggestion mechanisms to include factors additional to those mentioned above, and the further development and implementation of digital rights protection.

Class Server 3.0

Microsoft Class Server 3.0 makes it easy for school districts to create, deliver, and grade standards-aligned tests and lessons over the web - helping teachers track and improve student achievement against local curriculum standards, and meet the challenges of No Child Left Behind. 

There is no direct support for personalization of the individual learning experience. Microsoft Class Server 3.0 provides personalized pages for different user types - teachers, students and administrators. Besides, learners can adjust the colors, the font size, and the interface view.
Usually during the learning process the teacher gives the learning material (lessons, tests, etc.) to the student, who sees them in his/her personal page. The teacher monitors how the student deals with the learning material and provides student-specific materials. This is how personalized learning is done.
Future Learning Environment (Fle3) 
Fle3 is an open source server software for computer supported collaborative learning  (CSCL). It supports learner and group centred work, enabling and encouraging collaboration and communication between learners taking the course. The learning environment consists of:
· A ‘WebTop’ that holds items much like the Desktop in Windows - Users can store and organise objects (documents, files, links) here. There is a shared ‘course folder’ that any user can access,  allowing the sharing of resources between learners. The website says that “the items in the WebTops can be called learning objects - if you wish”.

· ‘Knowledge-building tools’ - These are tools that allow communication, discussion and debate among members of the learning group - basically notice boards that users can read and post messages to.

· ‘Jamming’ area - This is a shared space where digital artifacts (pictures, text, video, audio) can be constructed collaboratively. There is version control, and all past versions of the object can be seen in the space.

There is no direct support for personalization of the individual learning experience. However, the system is open source, so the interface and functionality can be customised by users.
Moodle 

Moodle (Modular Object-Oriented Dynamic Learning Environment) is an open source software package for producing internet-based courses and web sites. It is an ongoing development project designed to support a social constructionist framework of education. It is a system that has been developed by a single man Martin Dougiamas, as a part of his PhD Thesis. Its development started in 2001 and the current version of the platform is 1.4.

Depending on the difficulty level of the learning content and the general level of knowledge and skills of the learners, learning process can be realized dynamically. The exemplary scenario is the following. The students read the learning content and answers several questions. Based on the answers the student gave, the system determines the next screen piece of the content. In this way the navigation through the learning units will be system-guided and personalized.

 Users (learners, teacher and administrators) are able to edit their own profile. This includes subscriptions to forums and watching courses. The learner has also access to the available chat rooms, information about his/her performance, upcoming events, journals, quizzes, surveys, choices, workshops, glossaries, assignments, etc. The learner has the possibility to see his/her current status or last activities in the learning environment and to maintain his/her personal calendar (monthly and weekly) which keeps track of their event transactions and much more. That gives him/her the ability to fast restore and continue the learning process and allows more flexible schedule for learning on the work place, necessarily intermixed with work tasks.

The capacity for personalization of the environment is subject to be improved further in the next main release of the product.

.LRN 

The .LRN (dot LRN) is an open source portal framework and integrated application suite developed  at MIT that supports course management and online learning communities with personalised content. The .LRN is based on a modular architecture that permits flexibility to merge a variety of technologies. It is based on the web services paradigm, permitting horizontal integration of both open source and proprietary technologies.

One of the most impressive characteristics of the .LRN is its great flexibility in personalising the environment. Instructors as well as students are able to personalise their environment to a great extent.

Through the ‘Control Panel’ tab users are able to change almost any setting that concerns their account. The teachers are able to manage their classes and groups and fully customise the layout of the course. The students can join forums, courses or news groups that they are interested in, request change notification, store their personal files and maintain their personal calendar (monthly and weekly), which keeps track of their event transactions and much more.
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