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The main goal of the project called Socratenon was to create adaptive and dynamic distant learning environ​ment dynamically customized for wide spectrum of de​vices (PCs, mobile devices, etc.) connected to a network (Internet or Intranet) and web browser. In the open lit​erature, there are several solutions trying to accomplish the same to a cer​tain degree. Some of them are plain course delivery systems. More sophisticated techniques include user modeling in order to personalize the content for the user, adaptive interfaces, intelligent agents for improved assistance and search, etc. But the main disad​vantage, common for many existing systems, is lack of synergistic effect that can be found in traditional class​room. This has indicated the need for collaboration by incorporation of GroupWare technologies. In general, many ex​isting learning environments lack interaction, full utiliza​tion of Web resources is rare, while solutions util​izing a combination of all above are practically non-existent or in works. This project tried to combine poten​tials of the new Internet technologies and the latest de​velopments in pedagogical sciences, on one hand, with the comfort of learning at the most suitable time and in the most suitable place, on the other hand. Also this project tried to make environment suitable for user communication, collaboration, and problem resolving. Although this project contains many important functions, this paper emphasizes adaptation and collaboration techniques.
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1 Introduction

Rapid growth of Internet as a medium and Inter​net technologies has led to the point when edu​cation can be detached from humans and books as the only holders of knowledge. 

From the early days, Internet was exploited in educational institutions for distribution of research re​sults, and knowl​edge in general. First shapes were coarse and re​quired a lot of attention and sweating with several resources of information simultane​ously, what mainly academic researchers would do. 

Next step in on-line edu​cation were uniform pages of text and images. Then came context sensitive help systems and adaptive hypermedia systems that tune to user’s needs in simplistic fashion. On other side of the screen, there were common classrooms with teacher facing rows of students. Some students lis​tened carefully to what was being taught and were posing questions and were engaging in discussions. Some were bored by the subject, without making any progress, and just wasted time. 

Clearly, both on-line and traditional education have their strengths and weaknesses. Classroom-paradigm is good for collaboration and coor​dination, but is limited in available knowledge that is hard to upgrade and fails to adapt to each particular student. On-line education is in its childhood, and has a lot to learn to make the most of huge amounts of on-line infor​mation and multimedia, which are also in their pre-ado​lescence period. 

This paper will present one doubtlessly good effort to unite advantages of both traditional and cyber educational para​digm.

2 Problem statement   

The goal was to design, implement, and study exploitation outcomes of a Web-based training system. The provision of most suitable learning experience is influenced by employment of adaptive techniques, such as the following:

· (Adaptive) collaboration support

· Adaptation of knowledge resources

· Adaptive presentation

Primary design issues were data warehousing, distribution and diverse manipulation, on one hand, incorporation of intelligent methods, on the other hand. Standards that It was decided to rely on techniques that were broadly applicable, as well as standards and packaged solutions that offer required functionality. For instance, we needed a platform that supports abstract objects and can easily deploy them to a thin-client (any regular Web browser without additional software or hardware) in a tangible form. Also, database management back-ends should allow easy access to these objects and allow easy functional upgrades.
The environment was meant to be used in various training communities, such as corporations and universities. Major objectives were:

· improvements in training and learning effective​ness

· reduction of training costs

· declined learner training time

· steeper learning curve

· intellectual property management

· creation of new knowledge

Additional requirements included need for dynamical customization to a wider spectrum of client devices (PDAs, mobile devices, etc.) connected to a network (Internet, Intranets, wireless LANs, etc.). 

The issues that needed further research were problems of implementing collaboration among users (students and teachers) and adapting the environment to individual users (primarily students, as the major interest group). Users may interact in several ways, and it is needed to seamlessly combine existing means of communication (e.g. email, bulletin board, audio and video conferencing, etc.), that enable collaborative work. Accommodating the learning experience for users makes the learning process more productive and less boring. 
3 Existing solutions

Distant training systems are used either for classical education or skill improvement. Existing solutions are mostly used in education, with some prototypes focused on training specific skills. Majority of universities has put some material for their courses on the Web, thus making it publicly available or accessible after authorization. 

First and still predominant type of on-line education are static virtual textbooks, with fixed sets of networked web pages with, optionally, some multimedia content.

 Studying in this way, somewhat resembles using standard books and textbooks, while studying at home. Internet, as a reposi​tory of many resources, may offer further improvement of knowledge. On the other hand, huge amount of resources may drive attention away from the intended topic of in​terest. These and many other facts are reasons why on-line education has not yet gained substantial recognition.

In industry, it is important to offer just-in-time train​ing, which may drop production costs significantly, im​prove product quality and/or reduce the number of under-qualified personnel. 

Many existing solutions focus on specific range of ap​plication, and almost for every training application, a new distant training system has to be developed. Examples of general-purpose systems are practically non-existent or of insufficient applicability.

Very soon, the challenge was set to develop Web-based educational applications that can offer some amount of interactivity and adaptability [Brusilovsky97]. Adaptability is important since Web is accessed by a great variety of users that are working from their homes without teachers or colleagues by their side to recognize when their assistance is needed and how should it be ex​hibited. Interaction is the key condition to make adapta​tions possible. Collaboration among users of knowledge makes the learning process more effective, more solid, and more human.

Without strictly categorizing Web-based education systems, we’ll describe general techniques that were used, how were they used and their criticism. Adaptive filtering systems help user find relevant drops of knowl​edge from a knowledge pool (repository of knowledge). These systems offer some functionality needed for a full-fledged intelligent training system. Adaptive information systems (AIS) personalize information to be presented, according to knowledge about the user’s needs. Having a specific user in mind, access to the right information is performed by using the blend of information labeling, database querying, some artificial intelligence, and collaboration with other users. However, AIS are oriented on plain information, and use of multimedia and simulations of real-world conditions is hindered.

More sophisticated approach includes adaptive hy​permedia systems (AHS) that are based on applying a set of meta-reasoning rules, utilizing a user model, in order to adapt the content and the links of hypermedia pages to individual user. These systems, just like Intelligent Tu​toring Systems (ITS), use knowledge about the domain, the student, and about teaching strategies to provide adaptable individualized learning and tutoring [Brusilovsky97]. Although this seems like a good ap​proach for on-line education, it isn’t well suited for general training requirements. Collaboration and coop​eration is not embedded into the system, and may be per​formed outside the system, usually using third party mail clients, video conferencing hardware and software, or similar communication solutions. In addition, we haven’t lo​cated an AHS that implements needed techniques to the satisfactory degree or plainly lacks robustness. 

4 Proposed solution

The goal is to provide participants of the on-line training process with an appropriate support for individu​alized and adapted learning experience, as well as with methods and functions for collaboration with other users. Such collaboration, within a Socratenon environment, enables the following:

· More effective and self-paced course delivery

· Good communication capabilities among teachers and students (experts and users of their expertise)

· Policy and access controlled distribution of shared resources – knowledge gets an added value

· Construction of user groups according to needs and capabilities of participants – leads to an increasing group effectiveness 

· Creation of new knowledge – synergistic effects enabled by GroupWare technologies

In particular, the expert (bearing the role of teacher in Socratenon) must re-conceptualize his or her role as a “teacher.” Also, such an expert should create a set of op​portunities and reward structures that encourage students to look upon their interactions with their peers as valuable resources for learning, rather than focusing on memoriz​ing lecture-type material presented by the system [Hiltz97]. 

Step further in helping the student is adaptive collabo​ration support. Course content may not convey idealisti​cally to every student, and help from other students and teacher improves comprehension. Making use of asyn​chro​nous (e.g. bulletin board, email) and synchronous (chat, whiteboard, conferencing, etc.), facilitates collabo​ration with other users. More effective collaboration ex​ists when peers supplement each other and are with simi​lar learning abilities. This is provided by using the sys​tem’s knowledge about different users when forming collaborating groups. Teachers are able to fine-tune group activities, by reviewing both group performance and performance of group participants. They facilitate group work and make sure that students ask the right questions and have the resources necessary to answer them.

These requirements may be fulfilled thanks to technological cir​cumstances – improvement of Internet technologies as well as computation and communication capacity.

When compared to accustomed producer-push logic of the delivery of standardized skills, Socratenon proposes a solution for consumer-pull logic of just-in-time retrieval of specific and user-appropriate information.

However, fundamental tutor-disciple paradigm is still inevitable. Teachers are not there to tell what formulas will be “on the test.” Formulas may or may not be offered (i.e. hyperlinked), depending on psycho-pedagogical analysis. Course contents are not imposed, but rather enabled by Socratenon. Nowadays, with an increasing presence of distant training environments, it is even less important to memorize everything. Knowledge is available when needed (just in time) and skills become more approachable. Increased freedom provides teacher with more time and the position to animate more students in collaborative activities, and to answer to questions that were unanticipated during course design. System is meant to prevent teacher from reacting to obvious student questions and uncertainties. Of course, this requires that knowledge base incorporates a kind of FAQ (Frequently Asked Questions) for each course, aside from message board for knowledge exchange. System monitors student’s behavior, and supplies him/her with material that is most suitable. Thus, teacher can concentrate on the main role of a tutor, which is not plain delivery of knowledge, but guiding students in unforeseen situations, or plainly, to encourage students. Other benefit resulting from this approach is that a highly qualified person (teacher) can be divided among larger number of students, while still achieving necessary level of competence.

In traditional training environments it is customary for students to pose questions to their tutor, when some uncertainty needs clarification. Socratenon offers means of communication between students and teacher on several levels (from chat and forum to ICQ look-alike and video conferencing). These features enable synergistic community, which may generate new knowledge, which is the main quality of classical approach.

5 Specifiers of the Socratenon

In this chapter specifiers of the Socratenon will be described, and their impact on environment functionality. Modern approaches to collaboration assume providing tools for communication, coordination, and collective workflow. Common term for mentioned tools is GroupWare. 

The term GroupWare was originally introduced to describe a new category of application software designed to provide electronic support for groups of individuals working collectively toward a common objective. More recently, the term has been used to describe applications ranging from unstructured electronic mail systems to precisely designed workflow systems. GroupWare is a personal empowerment tool, giving users the ability to intelligently deal with relatively large amounts of information in the process of doing their jobs. Clearly, it also adds value for groups of people, in which the groups can range in size from two to thousands of people.

Use of GroupWare technologies may provide several benefits. Studies indicate that use of GroupWare, in some ways, may be superior to traditional face-to-face learning environments [Chen98]. Here are some benefits of GroupWare:

· GroupWare can promote collaborative learning among students by facilitating communication and information sharing.

· GroupWare can help to generate more and better ideas. 

· GroupWare can promote equity.

Socratenon has substantial GroupWare support, by facilitating collaboration among students and teachers by incorporating several means of communication. Various aspects of GroupWare will be described in next chapter.

The technology pull of the Internet will force the issue of developing broader information literacy skills for all students. Although, Socratenon knowledge databases are supposed to provide students with sufficient material, use of Internet resources is also enabled and encouraged, since it may provide even better understanding and expertise, when used skillfully. In order to work, learn, and flourish in what has been called the "infosphere" students will need to become skilled in:

· Finding information from a variety of sources 

· Evaluating information 

· Making critical judgments about its value, reliability, and validity 

· Creating and distributing information and knowl​edge via the many communication forms – text, video, graphics, conversation – that come together in today's technology-mediated communications formats

Learning process is student-centered, which means that learning material is fitted to student’s needs and ambitions. Socratenon makes use of structured knowledge (rich with metadata), student model (representation of the student made during student learning sessions by monitoring student’s behavior), and expert model (describing learning strategies). By using these structures, Socratenon is able to perform curriculum customization; decide on how knowledge is sequenced; how the material is presented; when and which hints or help should be made available. This means that every student gets an individualized course, during which student may ask for further explanations and acquire hints from Socratenon. Socratenon adapts to students, but also students learn how to learn from Socratenon.

Special attention was given to user interface (UI) so that everything needed for specific learning session rarely occupies more than two screens, avoiding bafflement of too many active windows. Hints for the highlighted items are available on a single mouse-click. When help is requested, material is presented in more detail. Further assistance may be expected from both teacher and other students. In such cases, Socratenon estimates their expertise in topic of interest, by examining comprehension of relevant concepts.

It is important to achieve the most comfortable self-education. This is provided by imaginative blend of UI design and interface programming, relying on robust interoperable technologies such as eXtensible Markup Language (XML), eXtensible Stylesheet Language (XSL), Cascading Style Sheets (CCS) and Dynamic HTML, backed up by Java programming language. 

Web delivery solution has all of the advantages users expect from Web browser access (ease of wide distribution with central update, friendly/familiar user environment), while providing advanced functionality through comprehensive Java development. It uses the [DOM99] to control behavior associated with each object (element) within a document; rendering of the elements is specified by XSL Draft [XSL99]; visual presentation is defined with CSS [CSS99].

Indicated approaches enable development of innova​tive environment that would incorporate tangible benefits of both virtual and traditional learning environments, while minimizing the shortcomings of both approaches.

The outcome of the Socratenon project will include the basic platform, customizable to various users and domains of knowledge, together with well-established methodologies and qualified competencies tested on the pilot-case. The final objective is to realize a complete solution (tools, methodologies and services) which will enable the training activity. 
6 Analysis of Socratenon

Socratenon system will be presented in multifaceted manner, sketching in architectural, design, application, and communication views. This method of outlining Socratenon should give enough details.

6.1 Socratenon Architecture

System is based on 4-tier architecture, encompassing client tier, WebTop server tier, Application server tier and database tier. Idea is to keep the client as thin as possible, without performing any business logic. Java is the chosen language since it offers platform-independence. Client inhabits the user’s desktop, while the middle and database tiers reside in one or more data centers around the University campus or company information server centers.

We added few architectural enhancements in order to fulfill extra requirements, such as another tier – WebTop server tier (standing between client and application tier). WebTop Server tier resides close to the clients, thus reducing communication latency, which is additionally reduced by caching and prefetching mechanisms. Client requests are processed by WebServer (residing on WebTop Server) which decides how the action should be serviced. WebTop Server is also a service locator, determining if service is local or is to be serviced via call to remote server. Special features needed by knowledge providers and administrators, i.e. curriculum sequencing design, authoring of knowledge containers, complex user administration, etc., are implemented as stand-alone applications. Resulting Socratenon architecture is displayed in Figure 1. Database tier includes three separate databases:

· Knowledge database. Courses defined with metadata, knowledge containers (encompassing textual objects, multimedia objects, applets, and simulations), and curriculum sequencing roadmaps (defines various learning paths).

· User profile database. Complete user model structures, including personal, performance, preferences and portfolio parts.

· Expert model database. Definitions of various teaching strategies

Additional tier (WebTop server tier) solved two problems [Gupta98]: 

· Reduced download time. Dynamical downloads at runtime from application server(s), caching applets and static application data closer to the clients. 

· Sandbox security model in Java. Prohibiting applets from accessing any local or network resources or from communicating with any machine other than one applets are downloaded from. 
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Figure 1 - Socratenon multi-tier architecture

Application server tier receives data requests from WebTop server(s) and performs complex data acquisition by issuing sets of database queries. 

6.2 Socratenon design

With the architecture defined, it was needed to design the programming model. After the components-based programming model was chosen, components were designed based on Socratenon specification as outlined so far. Further explanation on distinct issues of Socratenon is provided in this section – how the knowledge is represented in the system, how the courses are adapted to individual students. These mechanisms are implemented in applets that reside on WebTop server tier, as crucial components of the Intelligent Tutoring System module.

6.2.1 Knowledge representation

Elementary unit of knowledge is a (knowledge) container. Container represents a smallest amount of content that is interpreted in WebTop server tier and rendered in client’s browser. Containers are augmented with sets of metadata, which facilitate searching, sequencing, adaptation tasks. Metadata are easy to compose and manipulate, robust and open for future upgrades. 

Important question of distant training is how to adapt to individual user, how to describe possible learning paths, or better put – how containers may be ordered to form a training session.

Each learning session relies upon a custom structure, which embraces conceivable and reasonable learning paths, with content and embedded interaction that is exchanged with the student. This structure is called Curriculum Sequencing Roadmap (or roadmap, in short), presented in Figure 2. 
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Figure 2 - Curriculum Sequencing Roadmap

Roadmap defines possible trails during learning process. Each trail, displayed in Figure 3, contains the following:

· Container identifiers

· Concept inventories

· Evaluation methods

· Decision nodes

These structures provide system with sufficient mechanisms on how adaptive container sequencing should be done, thus providing a curriculum customized to individual user.

Such robust approach enables various teaching strategies and pedagogical approaches, which is left to individual curriculum designers, who may be knowledge providers themselves. One of the qualities of roadmap structure is that it is separated containers, i.e. content from pedagogical and cognitive aspects. This means that knowledge containers can be traded on e-knowledge market, without forcing specific curriculum.
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Figure 3 - Curriculum Sequencing Roadmap Trail

6.2.2 Course adaptation

Tailoring every course to individual student is performed in three basic, periodically occurring phases:

1. Interaction

2. Recalculation

3. Estimation

Student’s behavior expressed while browsing through Web pages and interacting with them, affects user profile in means of performance (achievements on active courses tasks, and assignments) and portfolio (past achievements). Socratenon is making use of all obtainable aspects of interaction, that include performance on tests, time spent examining Web pages, frequency and context of requested hints and auxiliary help. Help may be requested either from the system itself, or from other users (teachers and students), using one of the available communication methods (e.g. mail, bulletin board, etc.).

These interaction aspects are recalculated into cognition and concept variables. Cognition variables describe student’s perception and comprehension of arbitrary learning material of specific complexity and detail. Concept variables describe covered topics in the same manner as knowledge container cover certain topic.

When adapting course learning path, as well as hints and auxiliary help to individual student, it is important to determine what the student has learned (and to what degree) and what is needed reach the learning objectives.

Estimation stage performs the estimation of what is to be learned by the student, in order to obtain sufficient knowledge specified with learning objectives.

6.3 Communication and Collaboration issues

This section describes ways of communicating and collaborating among users in order to achieve better performance and create new knowledge. 

6.3.1 Communication

Hybrid communication solution is applied by application-specific logic in RMI objects with servlets that return object references to RMI objects to the client.

Interface between a user and Socratenon environment is an important issue affecting overall usability of Web-based environment application.

For implementing platform-independent user interface with maximum interactivity two ways of interaction were used. They include JavaScript and Java within Dynamic HTML pages rendered for user to interact with. JavaScript achieves needed interaction with onMouseClick and onMouseOver methods. Interactive Web pages are communicated with server, or more precisely – Java servlet, via HTTP POST method. Java applets have their own UI API, so that more users’ behavior may be captured and then used, but this is more demanding on content (knowledge) providers.

6.3.2 Collaboration

 To enable collaboration tools for communication and coordination among users are provided. 

      Communication tools are provided to enhance students’ communication with teachers and with each other, in order to clarify some parts of taken courses that are harder to understand.  

Communication among participants is both synchronous and asynchronous. Synchronous aspect of communication is comprised of the following:

· Chat; textual communication among the users who are on-line at the same time.

· Whiteboard; tool that enables users to share and work on the same picture.

· File exchange; enable users to send files to each other. 

· Conference system; simultaneous conversation of several users. May involve audio and video conferencing.

Asynchronous aspect consists of:

· Mail system; enables users to send messages to each other. Messages can enclose all types of attachments.

· Bulletin board system; allows posting questions that are readable by predefined groups of users.

Socratenon monitors user activities and stores relevant activity information. All actions are evaluated. Based on evaluation of user activities and user personal data Socratenon suggests composition of groups. Grouping is done by several criteria. It is important that users’ performance and skill are comparable, so no one lags behind. On the other hand, it would be very useful if participants have knowledge from different areas, so they can contribute and share their knowledge with others. Such complementary users can often yield synergistic effects.

Creating of new knowledge is one of the goals that should be accomplished by using Socratenon. New knowledge is generated in process of learning by participants in the course. Large groups using GroupWare technologies are proven to outperform equivalent nominal groups (equivalent numbers of individuals working alone whose ideas are later polled) in idea-generating tasks.

    In order to provide coordination between members of the same group, there is a tool called Calendar that contains schedule of group and individual activities and assignments. It is very important that all group members fulfill their assignments according to schedule. Socratenon notifies users by consulting their Calendars. If one is lagging behind, it heavily affects his performance. Teacher is notified by the system in such cases, and may take appropriate actions (e.g. assign user to less demanding group, provide or direct to additional help, etc.). 

     Users are represented to other users by username or nickname. This very fact makes GroupWare a faceless support. It has the potential to neutralize impressions of gender and race identity and provide women and minority with an equal playing field, which sometimes and in some communities can be of great significance.

6.4 Adaptive layout 

As well as content is adapted to individual user, so is the layout. Choice of networked platforms  (ranging from networked PCs and NCs to kiosks and various mobile devices), users may log in from, is constantly expanding. Various platforms differ in communication as well as computational power, and this should be taken into account. Presentation capabilities differ significantly in means of display, network bandwidth, supported data formats, and compatibility, so the transferred content is adapted to client platform.

Amount and nature of transferred content is adapted according to bandwidth and visual rendering capabilities by choosing less demanding objects or by excluding animations and/or objects that are not supported by the client platform.

Visual layout itself is tailored by using several layout templates. Layout template includes how the objects will be presented and organized objects within the browser window. This is achieved by using several predefined templates, written CSS and XSL, while the customized interactivity of Web pages is achieved through thorough exploitation of DOM.

Template and content type are user’s choice, which is kept within user’s profile preference structures.

7 Conclusion

The results indicate that working in groups, instead of alone, significantly increases motivation, perception of skill development and solution satisfaction [Hiltz97]. Also, asynchronous learning techniques studies have shown that putting individuals online to interact with course materials is not as effective as the traditional classroom, but that using collaborative learning approaches can make online learning at least as effective as the traditional classroom. The findings indicate that asynchronous collaboration is as effective as face-to-face collaboration in terms of learning, quality of solution, solution content, and satisfaction with the solution quality. However, students were significantly less satisfied with the asynchronous learning experience, both in terms of the group interaction process and the quality of group discussions [Hiltz97].

The major shortcomings of proposed solution are:

(1) limited bandwidth or "media richness" [Daft86] 

(2) the frustration of waiting an unpredictable amount of time to receive any reaction or feedback

Choosing the right blend of good practices in both traditional and existing on-line training environments was a key to success of Socratenon training environment.

Examination of learning and teaching tendencies in both environments has led to creation of a hybrid Web-based training concept, open to future developments and insights in technology, pedagogy and Internet domains.

Making several design decisions was crucial to make the system modular, extensible and above all, useful to both users and future developers of Socratenon. We are looking forward to new creative input from inside and outside Socratenon environment. 

Future plans for Socratenon include proving the concept by utilization in a few diverse fields of study. More research & incorporation of adaptable AI techniques is expected to follow. Immerse environments will surely win the battle over the ultimate user interface, so integration of VRML-based interface is also being planned. 
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