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The main goal of the project called Socratenon was to build a new Web-based training environment that would go beyond traditional ones. In the open literature, there are several solutions trying to accomplish the same to a cer​tain degree. Some of them are nothing more but plain virtual textbooks that only flip pages on mouse-clicks. More sophisticated techniques include user modeling in order to personalize the content for the user, adaptive interfaces, intelligent agents for improved assistance and search, neural networks and case-based reasoning for building intelligent back-ends, etc. In general, many ex​isting learning environments lack interaction, full utiliza​tion of Web resources is scarce, while solutions utilizing a combination of all above are practically non-existent or in works. This project tried to merge potentials of the new Internet technologies and the latest developments in cog​nitive sciences, on one hand, with the comfort of learning at the most suitable time and in the most suitable place, on the other hand. The project has been finalized, the package works, and its performance had been tested both objectively and subjectively; it demonstrates superiority over similar solutions from the open literature. Its com​plexity is such that it can fit even the widespread PC platforms, although it demonstrates the best performance on state-of-the-art corporate platforms.

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 results, and knowl​edge in general. First shapes were coarse and re​quired a lot of attention and wrestling with several resources of information simultane​ously, what predominantly academic nerds and freaks would do with pleasure. Next step in on-line education 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 listened carefully to something teacher learned from someone else and asked questions. Some were bored by the subject and probably napping. Clearly, both on-line and traditional education have their strengths and weaknesses. Classroom-paradigm is good for collaboration and coordination, 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 vast huge amounts of on-line information and multimedia, which are also in their pre-adolescence 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. It was envisioned to be a user-friendly, easy maintainable intelligent educational environment. First, several design details had to be considered. Primary issues of such a design are data warehousing, distribution and multifaceted manipulation on one hand, and intelligence incorporation on the other. 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 needed) in a tangible form. Also, underlying database management should allow easy access to these objects and allow easy functional upgrades.

The environment was meant for wider community, and objectives were improvements in training and learning effectiveness, reduction the training costs, more sophisticated industrial intellectual capital retention, declined learner training time, and steeper learning curve.

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 outcome of the project includes the basic platform, customizable to various users and domains of knowledge, together with well-established methodologies and qualified competencies tested on the pilot-case. Our final purpose is to realize a complete solution (tools, methodologies and services) that is able to directly perform the training activity.
3 Existing solutions

On-line training system, concerned with learning in wider sense, exist in numerous flavors. Existing solutions primarily aim at use in education, with some prototypes focused on specific training skills. Majority of universities has put some material for their courses on the Web, making it available for authorized parties or to anyone interested. First and still predominant type of on-line education are static virtual textbooks. They are fixed sets of networked web pages, organized as a textbook (sometimes, with some multimedia content) put on-line. Such way to study home, at any time, is somewhat similar to using standard books and textbooks. Advantage is that using resources of the Net can make some on-line deepening on the subject. Drawback is attention may drift away because of something more interesting (and it easy to find something more interesting than a virtual textbook) in another browser window. Today, this type of on-line education is not regarded as something universally useful.

Another potential end-users of on-line training technologies are industry corporations. In such environments, just-in-time training may significantly drop production costs and improve product quality. 

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 exhibited. Interaction is the key condition to make adaptations possible.

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 knowledge from the knowledge pool. 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, and some artificial intelligence. However, AIS are oriented on plain information, and use of multimedia and simulations of real-world conditions is hindered. 

More sophisticated approach includes adaptive hypermedia 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 Tutoring 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 approach for on-line education, it isn’t well suited for general training requirements. Collaboration and cooperation is not embedded into the system, and may be performed outside the system. In addition, we haven’t located an AHS that implements needed techniques to the satisfactory degree or plainly lacks robustness. 

4 Proposed solution

In fast-paced cyber age, knowledge as a resource is rapidly accumulating and distributing. This calls for creation of a new environment for perception of knowledge, anywhere, anytime, just in time, and most importantly – adjusted to individual user. 

These requirements are enabled by technological circumstances – proliferation 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 situation-specific and user-appropriate information.

New learning environment would mean a distributed network of publicly available electronic equipment (e.g. Network Computers, kiosks, etc.). The majority of the environment is transcended in cyberspace with little resemblance to the traditional classrooms with a large teacher’s desk facing straight rows of desks. Teacher is no longer the “sage on the stage,” but the “guide on the side.” They are still present to facilitate group work and to make sure that students ask the right questions and have the resources necessary to answer them. They are not there to tell what formulas will be “on the test.” Teacher is present to animate 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 has a kind of FAQ (Frequently Asked Questions) for each course. System monitors student’s behavior, and supplies him/her with material that is most suitable. Thus, teacher can concentrate on his main role, which is not plain delivering of knowledge, but guiding students in unanticipated situations. 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; VRML interface is under development). This feature would enable synergistic effect that is the main quality of classical approach.

Learning process is learner-centered, so that learning material is tailored to every particular user. Socratenon makes use of structured knowledge (rich with metadata), student model (sketch of student made during student learning sessions by monitoring student’s behavior), and expert model (describing learning strategies). Using these structures, Socratenon can perform curriculum customization, deciding on how knowledge is sequenced, how the material is presented, and when and how hints should be offered or organized. This means that every student gets his/her own, individualized course. It’s just like having a well-informed personal tutor on fingertips.

Special attention was given to user interface (UI) so that everything needed for specific learning session occupies not more than three screens, avoiding confusion of too many windows. Hints for the highlighted items are available on a single mouse-click. 

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

Web delivery solution has all of the advantages users have come to rely on from a web browser (ease of wide distribution with central update, friendly/familiar user environment), while providing advanced functionality through comprehensive Java development. It uses the W3C Document Object Model (DOM) Recommendation to control behavior associated with each element in a document; rendering of the elements is specified using the latest W3C Draft for the XSL.

This approach enables development of innovative environment that would incorporate tangible benefits of both virtual and traditional learning environments, while minimizing the shortcomings of both approaches.

5 Conditions and Assumptions

One of the demands was freeing up the users from the burden of getting familiar with technological prerequisites other that minimum version of Web browser needed to access Socratenon. In next several paragraphs we will list conditions and assumptions that enable a low-maintenance system accessible over the Net.

· Architecture-related: Socratenon multi-tier component-based architecture is open to changes on component level. Components are service-based, i.e. have dedicated purpose. It is possible to transfer components throughout middle layer according to load balancing criteria (explained later).

· System-related: Expertise of Socratenon may be enhanced with Case-Based Reasoning (CBR) capabilities. CBR module is not integral part of Socratenon, but can be plugged & played via configurable interface defined with a metadata set.

· Technology-related: standards compliance and forward compatibility are issues that greatly reduce future maintenance efforts and need for reengineering. Socratenon exploits specifications of standards such as XSL 1.0, CCS1, HTML 3.2, ECMAScript (ECMA-262 standard, which should eliminate differences between JavaScript and JScript), released by the World Wide Web Consortium (W3C). Programmed modules should be kept 100% Pure Java TM.

· Application-related: We assume that knowledge database has already been provided with application-specific knowledge.

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

Initial research was done with 3-tier Java-based architecture, encompassing client 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, while saying “write once, test everywhere” should hold. Java Remote Method Invocation (RMI) is used when both client and middle tiers are implemented in Java. HTTP is called to pass the arguments over to the application server tier when processing user’s input. Java DataBase Connectivity (JDBC) is used for communicating with the database tier, while JDBC drivers implement the API for the particular database implementation (Oracle8i was used). 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), and reusable services [Gupta98]. WebTop Server tier resides close to the clients, thus reducing communication latency, which is additionally reduced by caching and prefetching mechanisms. Client HTTP requests are processed by Java 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 RMI or CORBA 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 Java applications. Resulting Socratenon architecture is displayed in Figure 1. In this horizontal representation, number of instances decreases, and computation and communication increases when going to the right. For example, clients access WebTop Servers on modem speed, while databases serve App. Server queries via T1 links (or optical links for multimedia rich knowledge databases). In alternative Socratenon implementation, databases may reside on separate application servers, when data replication mechanisms are required. 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

For communication between applets WebTop does the following:

· Creates RMI objects

· Registers objects with the RMI object registry

· Provides security

Clients invoke Java WebServer via URL and Java servlet API is used for managing threads, clients’ requests, and security. 

Additional 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. Signed applets – relaxation of security setting from signed, trusted applets. Problem is that not all browsers support trusted applets yet, and there isn’t substantial infrastructure for their deployment.
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Figure 1 - Socratenon multi-tier architecture

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

How can this type of multi-tier architecture be employed in WAN environment for corporate or academic purposes? 

After connection with the user is established, Java servlet receives HTTP and RMI requests and determines which service is needed. User ID is passed along from augmented JavaScript code so it is not needed to keep the connections to every user open or to create cookies. For fast WebTop response, user profiles of active users are kept in local database during the session, while performance information exists as an object in JVM memory. This object is semi-static, semi-updated, and remains protected in JVM memory between updates as long as user is alive, i.e. still not dropped out of on-line queue after a time-out.

In more transaction-intense environments two optimization approaches could be considered. Java database applets may be optimized using Java HotSpotTM Performance Engine. For applications that pursue maximum performance, Java may not be good enough and employment of C++ applications should be considered. These applications may also have some intelligence included.

6.2 Socratenon design

With the architecture defined, it was needed to design the programming model. After the components-based programming model (JavaBeansTM components) 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, and more advanced features – i.e. intelligent caching and prefetching, adaptive layout, and load balancing. 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 implemented in XML. Therefore, 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), showed in Figure 2. Roadmap defines possible trails during learning process. Each trail, displayed in Figure 3, contains the following:

· Container identifiers

· Concept inventories

· Evaluation methods

· Decision nodes

Containers are obtained by using container identifiers (CIDs). 
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Figure 2 - Curriculum Sequencing Roadmap

Concept inventory defines which knowledge concepts are covered within knowledge container to which it is annexed. Each inventory entry is a fuzzy variable, specifying amount of reliability in the concept. Variable defines two separate notions:

· to what extent parent container relates to designated concept

· to what extent is a certain topic (concept) covered

Each fuzzy variable may have many values, where each value has specified certainty or confidence factor (measure of belief in each value). 

Each roadmap trail connects neighboring containers and also encloses evaluation method, which defines which concepts are important for determining ongoing learning path. Evaluation method is actually a formula with fuzzy operands, that point out which concepts are important, in what extent, and in which relation do they stand one to another (where fuzzy operators are used). 

Decision node lists prerequisites for each of the available continuing paths. After evaluation method is processed, path, which prerequisites are best met, is chosen.

Such robust 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.

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.

Learning objectives defines concept coverage, i.e. in what extent concepts of the course should be mastered in order to consider the course accomplished. Objectives are actually course-grained concepts, or top-level topics of a course, also specified in course metadata.

Adapting cycle is finished with mapping student’s performance to concepts, which are arguments in evaluation methods. Each evaluation method produces a fuzzy fitness value for each relevant concept, estimating student’s concept comprehension. In addition, each cycle assimilates cognitive model of the student, which helps adjust context-sensitive hints and auxiliary help. Student estimation enables deciding on what the student needs to learn to obtain sufficient knowledge specified with learning objectives.

6.2.3 Intelligent caching and prefetching

Socratenon makes use of caching and prefetching to store and anticipate knowledge containers that would be used by users in their learning sessions. These mechanisms are intelligent since decisions on what should be cached and what should be prefetched are done in similar intelligent manner as course adaptation is done. 

Basically, both caching and prefetching refer to having needed data. Caching tends to make the most use of the collected data, while prefetching tends not to fetch data that would not be used.

Intelligent caching keeps all containers that are prefetched until the cache size limit is reached. When Web pages are generated for the user, they are rendered from corresponding containers. Each container in cache is assigned a reusability value (RV), which is computed as aggregated fitness value of all students’ accessing that container. If a container is in the cache, additional database queries are not needed, and query/response latency across two tiers is eliminated. If not – control is passed over to the Application Server that performs the needed queries, and returns containers to the calling applet, i.e. caching applet. When cache limit is reached, some containers are flushed from the cache. Decision on which container are flushed is based on anticipation of reusability expressed with RV variable. Containers with lower RV are more likely to leave the cache, that those with higher RV.

Intelligent prefetching is fetching containers in advance, by anticipating which container might be used by one of the students. In similar manner, as with intelligent caching, RV values are pre-calculated for all the containers in roadmap not farther than two or three hops. Calculations are made using current values of cognition and concept variables.

Web delivery mechanism resembles the classical Web behavior of incremental download of Web page elements, where elements are not ready at the same time at the WebTop server, but are delivered when they are available (fetched from cache or database). Therefore, prefetching is viable with small-sized containers, when cache miss is less expensive, i.e. produces less network traffic. 

6.2.4 Load balancing

In wider area Socratenon networks, when application servers pile up, and WebTop servers overflow the campus or the 50-floor building, network infrastructure gets rather complex. When networks get complex, and nodes communicate with the nearest ones, bottlenecks start to pile up, leading to drainage and wasted money on plumbing.

Load balancing could be done in transparent fashion on whichever layer needing it. Every server is reporting on its capacity and current usage to its clients in neighboring layer. Having utilization information about each potential peer, client chooses the least loaded server – provider of services.

6.3 Communication issues

We’ll describe communication, in numerous meanings. One meaning relates to communication protocols that were used. Other goes into the presentation layer, talking about man-machine interface implementation. Communication among users is also enabled.

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 user’s behavior may be captured and then used, but this is more demanding on content (knowledge) providers. 

Socratenon has substantial groupware support, by facilitating collaboration among students and teachers by incorporating several means of communication, such as chat, message board, and FAQ. Every aspect of communication is group-oriented. Each group symbolizes a group of students attending a particular course and responsible teachers, which assist students. Groups may also be formed as interest groups, with its participants dealing with a joint task or assignment.

6.4 Adaptive layout 

As well as content is adapted to individual user, so is the layout. Choice of networked platforms, users may log in from, is constantly expanding. Their presentation capabilities differ significantly in means of display, network bandwidth, and data formats, so the transferred content is adapted to client platform.

Amount and nature of transferred content is adapted according to bandwidth capabilities by choosing smaller 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 pre-defined 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

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. Immersive 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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