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Abstract

 We now see a steady consolidation of ideas, tools and technologies for e-Learning. Stable and mature systems are in place in selected areas. The focus is changing to more complex and challenging aspects and there are many issues that still need to be looked at. This paper outlines the recent advances in e-Learning technologies in general and application of Artificial Intelligence for developing effective learning environments in particular.

1. Introduction

Distance learning has come a long way since Sir Isaac Pitman initiated the first correspondence course in the early 1840s. The number of working adults returning to the classroom today is growing rapidly, thanks to the demand for workers who can compete in the global market place. These dynamics call for new and innovative technologies to provide quality content and comfortable learning experience without any kind of barriers.

e-Learning technologies provide learner-centric and flexible learning environments, overcoming the barriers of distance and time. Recent advances in emerging and enabling technologies have spawned renewed interest and novel methodologies in technology enhanced learning. Creation of flexible social learning networks is now a high priority item in the agenda in many countries.

Tools and technologies for content creation and delivery are now well established. Comprehensive learning management systems (LMS) have also been developed. e-Learning has already been applied quite successfully in technical subjects where the learners are self-motivated and serious adult learners. A good deal of content is also now available. The focus is now shifting towards personalized, collaborative, interactive, and mobile learning environments.

In this paper we outline the emerging trends in e-Learning technologies. In particular, we will look at the role of Artificial Intelligence (AI) in shaping the future of e-Learning.

2. Advances in e-Learning Technologies

Having developed learning management systems and successfully applied technology based learning in selected applications, researchers are now focusing on a number of broader issues and challenges such as:

· Supporting learning models and user behaviours:

· Accommodating different learning styles (e.g., 'digital native' vs. previous generations)

· Just-in-time learning

· Mobile learning

· Vicarious learning

· Handling cross-cultural differences in e-Learning

· Machine translation in mobile environment 

· Multimedia and multi-modal learning systems

· Organizational frameworks for e-Learning

· Building/growing knowledge spaces and multimedia tool-sets:

· Authoring knowledge networks (including course-ware indexing, meta-data extraction and semantic annotation)

· Knowledge on demand (including content-based video retrieval, summarization)

· Ubiquitous multimedia (including scalable video coding, audio/video watermarking)

· Collaborative learning

· Capturing experience (including smart classrooms, interactive meeting cataloguing and archiving, real-time audio-visual events detection)

· Multi-modal information fusion

· Universal multimedia access

· Grid computing

· Embedding learning in life:

· Personal information places (including wearable computers and learning)

· Gaming and role-play applications and learning

· Ubiquitous interfaces and augmented reality

· Computer-Human Interaction and knowledge acquisition

· Computers in the human-human interaction loop

· Communities, Collaboration and Distributed Resources:

· Self-organizing cognitive P2P social networks

· Access to distributed e-Learning resources using, e.g., the Semantic Web

· Heterogeneous device co-browsing

· Collaborative filtering based recommendation

· Collaborative websites (e.g., wikis) and personal web-logs

· Converting technologies into e-Learning opportunities:

· Emerging media formats

· Adaptive education systems for personalized learning

3. Role of Artificial Intelligence

The concept of Artificial Intelligence stirs images of sci-fi thrillers - an environment where we no longer control machines, they control us. Instead of being determining what technology does, we fight for the existence of humanity. While this image certainly sells books and movies, AI has a more practical supportive role in education. In reality, much AI speculation lies in "future things" - so a balancing perspective is helpful. AI can be defined as a computer-based analytical process that exhibits what we view as intelligent behavior or actions. Specifically, AI attempts to mimic the human thought process through reasoning and optimization. In education, AI has the potential to transform student interaction with (and access to) content. In the future, it is possible that intelligent agents will play a vital role in learning - offering support, providing guidance, and fostering interaction. In many ways, the potential of AI in education rests not in defining a new way of doing things, but rather offering a more effective way of doing what we are doing now.

Recent developments in artificial intelligence (AI) allow course developers to incorporate diagnostic tools, intelligent role-playing, and tutoring systems into the learning process. The benefits of AI include real-time interaction, continuous improvement of content delivery, and an integrated approach to learning that provides students with an understanding of how a topic fits into a course and how that course fits into an overall curriculum. This can be done in a variety of ways including through the use of virtual simulations. AI can be used in

 * automated on-line testing, diagnostics, and feedback

 * business simulations that use teams of artificial students

 * information management

 * learning networks

A growing body of anecdotal and empirical evidence suggests that AI-based distance instruction would be particularly effective for students who juggle school, work, and home life. Internet-based distance learning used in conjunction with AI has been tested in several graduate-level business classes at Pepperdine University in Malibu, California. AI based learning systems

 * use interaction and customized feedback to provide a more consistent and disciplined way of learning. For example, each student would have a customized learning program designed in part from feedback gleaned during ongoing testing.

 * allow for systematic access to the growing body of knowledge that working adults need through the use of intelligent search engines.

 * expose  students to technologies that will enhance their ability to remain competitive in the global marketplace. These technologies include computerized information management, data mining, and forecasting.

 * connect students, instructors, and organizations on a global basis. These systems also support arrangements such as virtual facility tours, which show students exactly what takes place behind the scenes in a bank, a musical instrument manufacturing facility, or a fast food restaurant, for example. In the future, students will be able to interact directly with ongoing operations.

 * can be used for continuous learning and skills development, which are essential for maintaining a competitive workforce.

AI can provide for both customized lesson plans and in-depth diagnostics and feedback by using a class of so-called synthetic agents in which the level of intelligence can vary, depending on the requirements of the learning application. Synthetic agents are already receiving considerable attention throughout the education community for their ability to minimize information overload, provide expert advice, and integrate program content.

A synthetic agent should possess four basic characteristics: autonomy, pro-activity, adaptability, and sociability. Computerized chess embodies several of these. For example, the amount of time the machine spends "thinking" about its next move illustrates both pro-activity and adaptability. In a learning environment, a well-designed synthetic agent should be able to assess the learner's needs and modify both the pace of instruction and the content. The social interface between the agent and the user should also be highly visual. Think of the SIMs, Lara Croft, and other video game personas.

Several types of synthetic agents show considerable promise for learning architectures. These include:

Expert systems: Typically, knowledge is stored according to a set of if-then rules. These systems summarize the totality of available knowledge and rules on a given topic and can recommend additional learning activities based on a student's performance.

Neural nets: These emulate elements of the human cognitive process, particularly the ability to recognize and learn patterns. The architecture consists of nodes that serve as calculators. These nodes process inputs and pass the results to other nodes in the network.

Belief networks: These describe the database structure using a tree format. The nodes represent variables, and the branches represent the conditional dependencies between variables. Belief nets generate conditional probabilities for a variety of outcomes.

How would these real-time agents work in an educational setting? Student records are stored in a database that provides both the instructor and the AI based learning system with quantitative and qualitative information. An expert system uses this information to guide the student through a review process based on, for example, test results and learning pace. If a student's test score falls below a certain norm, the system can ensure that the student is exposed to additional material on that topic-video, e-text, slide show, or simulation-at a slower pace. The flexible architecture of an AI based learning system design facilitates this type of learning assessment analysis.

A neural net can look for specific learning patterns in the database that indicate whether a student who shows interest in a particular subject and scores well on the exams should be exposed to more advanced material through a business simulation. A belief network can use database information to classify the level of knowledge retention based on performance measures and student characteristics. For example, it would predict a student's probability of success in a course based on such variables as age and test scores. This information could lead to the development of a specialized learning program that uses simulations and videos to improve the student's chances for mastering the material.

How well does AI-based learning work? How can the effectiveness of an AI based learning system be measured? Experiments with AI based learning systems have shown that:

 * working students were able to remain current with the assignments and content even while traveling

 * real-time Internet testing for each weekly session significantly improved midterm and final test scores

 * students increased their use of Internet and library assets

 * students found that the virtual facility tours helped them understand basic operational principles in a variety of settings

 * access to large-scale databases and on-line computing applets provided students with a more realistic view of actual applications

 * on-line simulations gave students a first-hand look into the dynamics of complex systems and how specific processes actually work

 * students reported that customized material based on real-time testing feedback enhanced content mastery

 * students appreciated that all course material was available at one easily accessible site.

A fundamental tenet of this design is that one size does not fit all. That is, the learning process varies considerably from student to student.

Real-time feedback is an essential part of this model, as it shows the instructor and the learner which areas require additional attention. This can happen through testing and diagnostics, chat room exercises, simulations, and interactive industry tours.

In the case of on-line testing, students receive their test results as well as additional information and resources in those areas requiring more development. The combination of testing and additional preparation can continue until the student achieves the desired level of competence.

What's next? Current estimates suggest that the Internet will become the primary delivery vehicle for many programs in the not-too-distant future. AI based learning systems allow more learners to access a growing body of knowledge, which will allow them to remain competitive in a global marketplace.

Use of an AI based learning system can also improve quality assurance by allowing instructors to continuously review and update curriculum. Revisions and changes that once took months to facilitate -if not years - can be made in days or weeks. This is particularly attractive for colleges and universities that employ part-time instructors at different locations.

Neither these AI based learning approaches nor the results obtained to date should suggest the demise of the human instructor. Quite the opposite. An AI based learning system will no doubt be most effective when used in combination with face-to-face instruction and team-building activities. It is this combination of human skills and machine capability that will best serve the long-term development of students.

4. Problems and Issues

e-Learning has come a long way. Nevertheless, there are still miles to go and there are many problems and issues that are worth looking at. Here we mention some of the broad issues and concerns.

e-Learning has been applied quite successfully with mature, adult learners, self-motivated as they are, in learning latest tools and technologies. This is in fact the easier part. Primary and secondary education is what really makes good citizens and builds nations. Young minds tend to get distracted and kids are not mature enough to decide a course of action for themselves. They are not good in evaluating themselves either. They need not only instruction but also inspiration, guidance and constant support. e-Learning will have lasting impact on our societies only when we will be able to use these tools and technologies to mould good citizens.

While the barriers of distance and time are easier to overcome, the barrier of language is a more serious challenge. Not everybody in the world speaks English. To overcome the language barrier, we must not only have tools and technologies localized to our own languages but also have adequate content of good quality. This opens up many alternatives - developing content in local languages from scratch, manual translation, human aided or fully automatic translation and translation support systems. It is also very important to understand that language is closely related to culture, social practices and values - we need to localize the content too.

There are also deeper issues of what exactly constitutes real education. If we sit back and think for a moment what all we have learnt at school or college and how much of it has actually been useful to us in own lives (apart from possibly getting us a job and hence our livelihood), we can easily realize that whatever we learn in schools and colleges today is hardly of any direct use in life. We all go through ups and downs in life in terms of illness of the body, disturbances and agitations of the mind as also a variety of social problems. Current systems of education hardly emphasize topics and issues that touch our lives daily. We start wondering if we are really wise in throwing away our own ancient system of education, proven and time tested as they were, and embracing fancy ideas that may or may not give us what we want. Real education is that which makes us understand what is life and how to live a meaningful, purposeful life, in peace and harmony with ourselves and with the world outside.

It is well known that learning requires concentration. A calm, cool, undisturbed mind can grasp any topic with ease. A disturbed and confused mind is likely to take us nowhere. We need to ask ourselves how far technologies can help us to develop the power of concentration and avoid or at least reduce distractions. 

For thousands of years, all of our ancestors thought that real education is possible only through a guru. Now we see a near total reversal and we make so much about learner centric education. Are we fully justified in our sudden shift of focus from the teacher to the student? Have we fully understood what we are doing? Is education all learning and no teaching?

By overcoming the barriers of distance, time and pace of learning, e-Learning technologies bring education closer to the seekers. While we focus on taking education to anybody, anywhere, anytime, we must also consider the issue of quality. Quantity and quality are often in opposition. The challenge is to bring education, real education within the reach of all aspirants without compromising on quality and the very purpose of education.

5. Conclusions

In this paper we have briefly outlined some of the recent advances in e-Learning technologies and the role of AI in e-Learning. We have also included problems and issues in using technology for education in the true sense of the term.

