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ABSTRACT
Advancements in web technology are changing learning paradigms. In this paper we relate various learning paradigms to existing technology and describe two approaches in IRI to use web tech​no​logy for synchronous sessions: web steering and control and automatic content synthesis using the web. IRI (for Interactive Remote Instruction) is a computer-based system to support distance edu​cation developed at Old Dominion University; it is being used to teach courses between sites up to 200 miles apart.

1. Introduction
Higher education is undergoing structural changes in terms of student populations, learning para​digms, and curricula. As distance learning becomes an integral part of secondary insti​tutions, their student bodies are expanding to include non-traditional students. Secondly, instruc​tional methods are shifting from a teacher to a student-centered paradigm. In this new paradigm, the student becomes an active participant in the class and peer collaboration becomes an important component of the learning process.   Ad​vances in computer networking and digital tech​no​logy are making virt​ual classrooms and web technology an effective environment for active learning. In virtual class​rooms students interact with others through desktop com​puters.  This same com​puter can be used to support active learning. We examine three issues: the relationship of learning paradigms and tech​nology, steering and mon​i​​toring live classes, and automatic class content gen​eration and synthesis.

Section 2 relates new learning paradigms to the technologies that support them. Section 3 de​scribes IRI (Maly et al. 1996, 1997) features supporting automatic content generation, and steering and monitoring of sessions. Section 4 summarizes IRI’s current status and future work.

2. Learning Paradigms and Technologies

This section describes how learning paradigms shift with technological advances.  Relevant tech​no​logies are computers and their operating systems, application soft​ware, and network transport pro​tocols. Today's computers are typically come with processing speeds of at least 200MHz and can capture and replay both video and audio.  For networks, a clear separation between local and wide area network technologies exists; ATM seems to be preeminent for WANs and 10-100Mb/s Ether​nets for LANs.  Today the Internet is based on TCP/IP with multicast IP (and IPv6 soon) becoming a major factor for com​mun​ication-based applications.
2.1  Learning Paradigms
We characterize a learning paradigm using the following dimensions:  scale--the number of people who can be simultaneously involved in a learning activity;  symmetry--the degree to which any par​ticipant can become the focus of attention; synchrony--the time differential at which learning occurs for each participant of the group;  perception--the quality of the audio/visual input received by par​ticipants;  interactivity--the smallness of the time delay with which participants experience when inter​acting;  co-location--the distance separating participants from each other; tools--the range of tools available to any or all participants in the learning experience; cost--the cost for one participant to achieve a fixed set of learning objectives; time the amount of control a student participant has in dictating the time needed to achieve a learning objective.

We discuss three paradigms in terms of this characterization: a traditional class, a satellite-TV based class, and a web based class.

Traditional class:  Enrollment in traditional class ranges from 5 to 500. The degree of symmetry is inversely pro​portional to class size so that a class of five students has a higher level of symmetry than a course with 500 students. During lectures, synchrony and co-location are absolute, whereas asyn​chronous learning happens alone or in small, co-located groups (possibly involving a teacher or assis​tants). Perception and interactivity are high with direct contact between teacher and stu​dent. Tool usage is infrequent, perhaps involving demonstrations, and practically no sharing of tools is possible. In a laboratory session tool usage and sharing are more frequent; however, class size must be reduced to 15 to 20 participants. Cost is mostly determined by staff salaries and facility costs. 

Distance learning class: A satellite-television based class (Fox 1995) consists of an origin site and multiple receiving sites. Symmetry is low because video is only sent one way and only audio is used for student feedback. A higher degree of time differential can occur since a TV broadcast can be recorded and played back at a time convenient for participants.  The degree of perception can be low for text and many types of graphical material because of the limited display quality of TV. Interactivity is acceptable if low-orbit satellites are used. Tool use in laboratories is usually infeasible unless remote sites have their own facilities. It is also possible to change the time it takes to com​plete a course with mechanisms to handle assignments, projects, and exams and videotapes.

Web-based class:  Another learning model is the web course (Fox 1995).  Web courses are related to the PLATO system of the late 1970s. In PLATO all course material was stored on a computer and a program guided students through the material. PLATO never gained widespread acceptance due to it’s cost and limitations in technology used. With web technology, these delivery problems are largely solved. In web courses, material is presented in a multimedia hyperlinked form; programs can guide students through material and assessments individual progress. This paradigm can score high on the interactivity scale and is usually asynchronous (i.e., students do lessons when they choose). Tool use can be high. Perception scores high with today’s display tech​nology and co-location is not necessary. Anyone with access to the Internet can access material. Costs can be can be prohibitive; it can cost $100,000 to develop an effective course.

An ideal paradigm scales well, is symmetric, allows for both asynchronous and synchronous use, has high perception quality, high interactivity with a delay smaller than 50ms, allows for separation of students in space, allows for all computer learning tools to be used in a shared mode, is cost effective and can be taken over variable periods of time for a fixed set of learning objectives.

2.2 Tools and Environments
The tools described here support new learn​ing paradigms. Technology tools can en​hance or enable activities; for example, video con​fer​encing supports group interactions. An environment is a set of inte​grated tools that support many learning activities of a student. 

Collaboration Tools allow several people to use them jointly.  One Unix example is XTV (Abdel-Wahab) which allows sharing of any X program. An NT example is NetMeeting (Microsoft) which allows a group to share win32 programs. These tools use TCP/IP and do not scale for large groups. No tool currently allows arbitrary sharing of tools across OS platforms though this is chang​ing. For in​stance, WEB-4M (JDH Tech​nologies) is JAVA-based and provides tools such as a whiteboard and presentation tool. Again, this tool is based on TCP/IP and does not scale well. All of these tools suffer on both perception and interactivity scales when used over the Internet since unexpected delays make synchronization of group activities difficult.
Videoconferencing Tools:  Many IP and ISDN-based telephone tools support video​conferencing. Vic and vat (Network Re​search Group), a suite developed by Van Jacobson, was originally devel​oped for large audiences as an asymmetric tool (i.e., mostly for broadcasting to thousands with few sources). It is based on Mbone (IP multicast) and includes a whiteboard. It is commonly used over the Inter​net.  SmartStation (VTEL) is a pro​prietary tool for switched ISDN lines. It does not scale well because a central switch handles all lines. Based on a fully connected switched infra​structure, it is sym​metric; at any time anyone can take over. Such a system can be expensive; ty​pi​cally at least three ISDN lines (192K) are necessary to provide an acceptable level of perception. The product is usually bundled with a whiteboard. No video​conferencing tool supports tool sharing.

Web Tools support standalone web courses or supplement other learning paradigms. Web brow​sers such as Netscape and Internet Explorer provide basic tools such as edi​tors for creating multi​media pages and groupware such as e-mail, chatrooms, newsgroups, and docu​ment managers. Domino, a secure web server, supports development of group applications. It handles many admin​istrative aspects, including access control, data​​base access, and doc​ument management. Authoring tools help build interactive web courses. Specialized tools such as QuestWriter (Oregon State University) help create, administer, and grade multiple-choice and fill-in-the-blank quizzes.  Syn​chronous sharing of in​for​mation and tools is still in its infancy and is almost exclusively based on TCP/IP connections which has scaling limitations. The most common shared tools are whiteboards and specialized pre​sentation tools. Co-Browsing allows people to visit the same web pages together (Davis). 
Cross-Platform Tools:  A vexing problem is the widespread use of two operating platforms, NT and Unix, since many tools work on only one of them; hence the motivation to use tools from another platform. Exceed creates an X server under NT and allows any X program running on a Unix box to be displayed and manipulated on a​ PC.  Citrix provides the opposite: tools running under NT can be manipulated by a citrix client running Unix. All of these tools, however, work on a one-to-one basis so it is impossible for several users on Unix boxes to see a tool running on a PC.

Environments: A successful environment requires users to perform few operations to function successfully. TV-based distance learning is a good example in this category; students only have to learn to operate an audio button. Technicians ensure that equipment operates smoothly. En​vi​ronments have been created for web courses that integrate administration tools, content generation, and monitoring of students' progress; WEB-4M is a good example. CUSeeme (White Pine Software) combines several features into one envi​ronment: e.g. video​conferencing, whiteboard, e-mail, and document sharing.

2.4 IRI Learning Paradigm Characteristics

IRI is being developed with the goals of the ideal paradigm described in section 2.2 (Figure 4 is a screen shot of the system). Currently IRI solves the scaling problem for up to an order of 100 users while maintaining tool-sharing capabilities through reliable multi​casting, spe​ci​fically, RMP (Whetten). Currently IRI does not support true inter​operability (i.e. users can be at either an NT or Unix box). X tools can be shared with any platform but not PC tools. Because of its use of multicasting, IRI is totally symmetric. IRI supports both synchronous and asynchronous learning by recording live synchronous sessions in their totality (audio, video, and tool traffic) and automatically synthesizing the content for the asynchronous viewer, as de​scribed in Section 3. 

The key to high perception and interactivity for IRI is its use of an Intranet rather than the Internet. Its currently uses switched 10Mb/s Ethernets at each site, composed of an individual computer or a class​room of computers, and PVCs, with an average roundtrip of 7ms.   Though this may limit IRI’s appli​​cability now, Intranets with these abilities are becoming common. 

IRI includes sophisticated solutions for resource management; resources are allo​cated to indi​vidual streams dynamically. For example, when a tool uses most of the available band​width, video quality is automatically reduced for all but the tool oper​ator’s video. If some clients have low bandwidth, they are placed in a multicast group that receives lower quality video.

3.  Web Technology in IRI
This section discusses technical issues in building the web-based interface used to control IRI ses​sions. In the past, a Motif interface was used to control an IRI session and add resources (slides, etc) for a session. We are developing a cross-platform version of IRI, and switched to a web-based controller as a first step. First we discuss how we allow multiple users to steer and monitor a session and how we integrate their browsers with the IRI interface. We then describe the process of content synthesis and how such content is presented to users for replay.

3. 1 Multiple-User Steering

IRI uses reliable multicasting because of class size. How​ever, since typically only teacher and an assis​tant are involved in steering and moni​toring, a TCP/IP based, web server-to-browser com​mu​nication is used to coordinate sessions. (From experience, we learned that a teacher is unable to both conduct a class and react to system problems.)

The interface uses CGI scripts/programs, JAVA scripts, and applets that access a protected direc​tory. These scripts communicate with IRI through Unix sockets that have ac​cess to IRI files. Each web page requires a proper authentication token. Authentication tokens are ob​tained through a home page that validates the user’s privileges for the IRI session.
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                                                                                     Figure 1. IRI Control Panel
Starting an IRI session requires user authentication from the web interface of Figure 1. A session is also started from this interface after specifying (on subsequent pages) the configuration (machines used, servers, lesson plan requirements) and the location and identities of assistants (de​faults are available for all of these). A teacher uses the web interface of Figure 2 to save a config​uration for future use.  At startup, IRI initiates brow​sers at specified locations.  These browsers are opened to the web page of Figure 1. The interface button for “class management” connects to these browsers and makes them active for teacher and assistant. At any time, a teacher can click on “class management”, bring the browser to the foreground, click on “start replay”, and proceed as described [image: image3.png]Netscape: Lesson Plans for CS350
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below. An assistant can assist or inter​vene as needed.

                                                                       Figure 2. IRI Lesson Planning
3.2 Content Synthesis and Presentation
This section describes how IRI can be used in both synchronous and asynchronous modes. IRI records who is speaking, whose video is shown and what tools are running at any point of time. The recording concept is simple: during a synchronous session, record all individual streams and insert timing points. This information is synthesized and presented to users as web pages that can be used to review any part of a class.

IRI can run arbitrary X programs, but cannot record their internal events. For example, if a student visits several sites with Netscape, IRI cannot record the sites visited. IRI does record that a par​tic​ular student used Netscape from time a until time b. IRI can still record and replay what was seen on the screen but cannot provide more navigational help. However, for tools written for IRI (e.g., the slide show, survey and exam tools), all necessary events are recorded.   
For example, someone may have used the slide show tool during class. IRI records which slides were shown and when. At the end of class, IRI creates web pages showing titles of all dis​played slides and when they were shown. A user can then choose a starting point from this list to begin replaying; the system determines the video, audio, and tool streams that were active during that interval, and plays them accordingly. In this approach no additional cost exists to provide replay and we provide the ability to navigate through the material with the web.
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                                                  Figure 3. Replay Control Panel
Assume that a group of students wants to review a previous class. The group leader (a class member) starts the session his office and steers the session remotely from a machine in the IRI classroom. After logging onto the remote machine, he uses regular IRI fea​tures to communicate with other students. At some point he brings up his control browser and clicks “activate replaying.” A CGI script asks him to pick a ses​sion to replay and then presents him with a synopsis of that session, shown in Figure 3. The screen contains lists of who spoke or had videos up and at what times. In addition the leader can select the level of abstraction the presentations should be given. The choices are class, presen​tation, and slides. The first implies that only a list of the classes in which the leader of the recorded session used presentations is shown. In the second, the list is the times each different presentation was used during the session. In Figure 3, the leader selected the [image: image4.png][ Cpointer | o et
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third option and gets a list of slides used. The key is that these windows present the session in different forms and a user chooses the most convenient.
                                                Figure 4.  IRI Session with Live and Recorded Streams

If the leader clicks on a time interval, the replay process identifies what was active at that time and acti​vates the appropriate processes. The replay​ing process selects a window, tags it as a recorded window, and plays up to the next event, (e.g., stream ends or next slide is shown). Figure 4 shows the result of the leader's action. The video windows on the right show two live students and one recorded teacher video. The work area has a live xterm and a recorded teacher presentation.                                            

4.  Status and Future Work
We now have the first version of recording and replaying implemented and tested. The web inter​face for steering and monitoring is currently being developed, but is not yet used in actual classes. In the next phase, we will implement the same recording/replaying pro​cess for the remaining special IRI tools. The next major step will be to synthesize the recording of arbitrary X tools. We are investigating the fast forward for the replaying of X tools.
IRI is a complex distributed system that scales to the order of 100 users. We have shown that we can control the system with a platform-independent web interface. IRI has the knowledge about various multimedia and X streams to synthesize the content of a session and present it to users to replay recorded sessions from arbitrary points.
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